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THE STRUCTURE AND DEVELOPMENT OR OPHIOGLOSSUM 

PALMATUM 

M. A. Chrysler^^ 

(with twenty-one figures) 


Ever since its discovery in Hispaniola by Pluinier early iii tlie eigliteeiitli 
century Ophioglossum palmafum L. has attracted atteiitioii, |3a;rtly because 
of its iiniisiial form and partly no doubt because of its rarity. In the origi- 
nal description of the plant Piimiier (1705) says : Je ii’ay Jamais reiieoiitre 
eette plaiite qu’iuie seule fois, dans tons nies trois voyages dans les Isles de 
rAmeriqiie. ’ ’ Considering the general rarity of the plant, it comes as a 
matter of surprise to read in a letter from the late Dr. J. K. Small: ‘'Forty 
or fifty years years ago one could go to the edge of the Everglades back of 
Miami (Florida) and '■ collect it by the wagon load. Today not a leaf can 
be found there.” 

MATERIAL AND METHODS 

Through Doctor SiiialFs kindness material was preserved in the field 
during one of his last 'v^isits to Florida, namely in November 1936. In order 
to secure a- series of stages in development, I visited one of the Florida sta- 
tions ill January 1938, on which occasion I was favored by tlie cooperation 
of Dr. H. H. Hiinie and i\Ir. Erdman West, both of tlie Florida Agrieiilturai 
Experiment Station, also of Dr. E. P. St. John and Dr. R. P. St. John. 
Hearty tluniks are here extended to these botanists, especially for providing 
the ladders which were necessary to enable one to dislodge the plants from 
their position in the decaying matter beneath the crowns of the paimettoes, 
Saljal Palfnetto (Walt.) Todd, in eoniiiany mih.PohfpfHlium aureiim L. and 
Yittarki lincata (L.) Sw. A second visit to the same, station was made in 
April 1939, on wiiieli occasion I had the' help of Pro,fessor A., Jolnison of 
Rutgers University as well as of the St. John brothers.' On these oecasioms 
an effort was made to. secure gametophytes, but unfortiniately without .suc- 
cess. Even the young sporophytes apiiear to have arisen as b'lids from roots 
o,f ."older plants (v. Bower 1911). 

1 Publieati'oii of Bureau of Biological Res.earelq .Rutgers Tiiiv'ersity. 

■; *■ ■ 1 ■■■ 

[The Bulletin "xm .December (67:' '731-816) was issued Dec'em.b:er 3, 11)4.0] 
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of tlie material was 'lixe^i iu fonualiii-aeetic-al.rolio], but for tlie 
yoiiiig’ spilves Allen's niodifieation (''PFA'-''’) of Bonin was used. For stain- 
iiig de\'elopiiig spoianigia iron alum liaeiiiatoxyliii followed by gold orange 
proved to be entiinly satisfactory, althoiigii in some cases tlie safraniii-fast 
green eoinbiiiatioii was used. Picro-aniline blue seemed to be on tlie wiiole 
the most suitable stain for the iinaminrhizae. IMetiiods for clearing iea'wrs 
prcu’ed to be of small value in tracing the course of the rasciilar bundles — 
even series of sections cut freehand and mounted in glycerine gave superior 
results. 

Ill addition to the inieroseopie study a survey of the superficial features 
has been made of tlie numerous speeimens represented in the herbaria at 
Ivew, the British dliiseiim, and the New York Botanical Gardeii. xVn exami- 
nation of ail aiTiilable illustrations of the plant leads to tlie eoiieliision that 
many of them are distinctly unsatisfactory in their attempt to display the 
critical features. 

The objects of tlie iiresent study have been to find to ivhat extent develop- 
ment in tills species (genus r) differs fi-om tliat of members of tlie group 
Eiio-phioglossum; to examine in a sufficient number of individuals the at- 
tacliineiit of the fertile spikes; and to attempt a revaluation of the different 
theories wliicli liave been proposed as to the iiiorpliologieal nature of the 
spike. 

The earliest work on the internal structure of this plant appears to have 
been by Bertrand and Coriiaille (1902), who figure a section through a leaf- 
stalk. In 1904: Bower was able from a Jamaica specimen to trace tlie origin 
of tlie vascuiar strands which supply tlie spikes. These results were con- 
firined and an analysis of the stem structure was made in 1911, when lie liad 
access to another plant from the same source. This work was supplemented 
by careful study of many herbarium sheets. At about the same time Cbimp- 
beli (1911) in Ins work on the Eusporaiigiatae made brief referenee to cer- 
tain features of root and leaf, xlpparently no material wtis available to the 
previous workers for study of the develoinuent of sporangia and spores. 

THE ROOT 

The roots — all adventitious in the mature plant — are imiiieroiis and may 
reach, .a length of 240 mm., with diameter from 1.5 to 2 mm,., penetrating the 
loose litter between tlie dead leaf bases of the palmetto, as we find the plant 
growing in Florida. Occasional branchings wiiieii are to be regarded as 
dichotoiiiieS' occur. The absence of' root-hairs is in keeping with the inycor- 
rhizal habit. At a, short distance back of the region covered by the root-cap 
itjs seen that' the outerdayer of' the root, which would ordinarily be' devel- 
oped as a piliferous layer, .comes to have a firm 'walk which , is .impregnated 
with .a iiiglily mij:)erviou:s substance which .stains with safraniii, b'lit does .not 
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yield reaetioiis for liyiiin or soberiii. The outer wall of The eelJs in (.luestioii 
is especially thiekeiied i,n older regions of a root, and may assiuiie a yellow 
color. tVitli tills may be eoiiipared the obseiwatioiis of Petry (1914 1'! on the 
root of O'. pendulunL The general features of the mature root are i“e|,)re- 
seuted iii figures 5, 17, iu. whirl] it iiiao' be made out tlmt the external layer 
of cells is followed by an outer cortex devoid of iiitercelhilar spaces and 
iiaviiig a tliickness of from five to seven cells. These cells liave a transverse 
diameter of about TO u and a leiigth of about 300 u ; they contain iiiiiiieroiis 
very small, starch grains, and the inner part of the layer (2-3 cells thick) 
may ic:>ntaiii a fiiiigiis. The inner cortex iias a thickness of 4-5 ceil, dia meters 
and its ceils display a thickening w.hich, a;p])roaehes colleiiciiyma : wliere 
tliree ceils iiieet tlie walls are markedly thickened, and tlie secondary wall 
stains like cellulose, wliile the prima..ry wall is well developed in tlie ‘'corner’' 
regions, taking a strong safrani.n stain. But in tlie innermost parts of the 
cortex tlie primai'y wall disa]:)pears. leaving the i.isual triangiiiar intercellu- 
lar spaces. The eiidodermis displays a plain Caspary’s l>and. The stele has an 
average diameter of about 0.4 mm., and shows a coiitiiiiioiis mass of xyleiii 
wliieli is diareli in a large majority of tlie roots wliicii liave been examined, 
altlioiigli, cts .noted by Campbell (1911). the triaivli eoiiditioii also occurs, 
and both the diarcli and triarcli co,ndition is to be seen in difiereiit roots of 
the same plant. T^Ioreover a t.riareh root may distally become diareli, espe- 
cially after a dichotomy. xV seetio.ii tlirough the stele of one of the triareh, 
roots is sliowii in ligure 5. YCitli this may be contrasted the stele of 0. 
fih'rosu'niy figured by 'Mahesliwaiti and Singh (1934), in whicli species the 
three xyleiii groups are widely separated. 

Jlyeorrhi'd. The occurrence of a fiiiigns in the outer cortical layer has 
already been iiieiitioned, and is conspicuous when present. Bower (1911) 
refers to ''the presence of eiidotropliie mycorrhiza, tliougli .not in such pro- 
fuse development as the habit of the plant might lead one to expect.” M'any 
root sections fail to show’ fungi, even at a distance of some centimeters from 
tlie tip. Moreover tlie mycorrliizal zone may extend only part way around the 
root, indicating a local infection. In the Florida material very few cells coii- 
taiiiiiig filaiiieiitous Iiypliae ("fungus host cells”) have been founcl, but most 
have passed into the digestive stage, i.e., they show’ irregular liiiiips of .vary- 
ing size and shape occupying a large part of the .cell, not however iiicliidiiig* 
the niieleiis. Coeiioeytic hypliae but no reproductive cells have been observed, 
so it w’oiild not be possible to identi.fy the fungus as Sf'{'geospori'iim\M(ir(itti-, 
aceai'uni. In this aetio.n w’e thus follow Burgeff (193S) in 'his disciissioii of the 
inycorrhizae of 0. 

The' tip region of the root cut in longitudinal and transverse planes sliows 
a tetrahedral apical ceil w’ith four cutting faces, 'and is thus typical 'of the 
order (Bow’er 1926). Mitoses in adjoining cells are .txequ exit, ■ indicating that 
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gTO'wtli was rapid in tlie early spring period in wbieli the material was col- 
lected. The mitotic figures eoiitaiu a very large number of small narrow 
cliromosonies, and could not be counted in this part of the plant {vide infra) . 
No irregular segmentation similar to that observed in 0. pendulum by Petry 
(191-1: d and b,v liiiii attributed to slow growth, were found in the Florida 
material. Differentiation of the xylem witliiii 4 niiiL of tlie tip was found in 
two of tlie roots. TJiis xylem already displayed the type of tertiary thick- 
eiiing whieli is eharacteristie of the traeheids in Ophioglossales. 

THE STEW 

The rhizome lias a definitely stocky form in the Florida specimens, ma- 
ture individuals having an average diameter of 9 mm. and a length approxi- 
mately tlie same. Bower gives the diameter of his eJamaica speeimen as - 4 - ineh, 
wliieli a|)pears to be rather above the average. IMoreo^nr tlie Florida plants 
usiiaiiy show from tliree to four functional leaves at one time instead of the 
single one which is represented in some herbarium specimens. 

fJiidgmg from the iiniiiber of withered leaf bases surrounding the larger 
rhizomes, and from the prevalence of smaller plants, growth of the stem is 
slow. This results in a crowding of the leaves, involving complexity of the 
vascular skeleton. Bower succeeded in resolving the network into a fairly 
narrow dietyosteie in which the vascular supply of a leaf arises as two 
strands, one from each side of a wide gap. A quite peculiar condition exists 
in the form of a ‘ AT)mmissiire ’ ’ streteliing between the two strands imme- 
diately above the point of ^exit from the stele. I have been able to eoiifirin the 
foregoing as a general statement; but examination of a larger number of 
rhizomes indicates that the plan is subject to variation. For example, tlie 
commissure may fail to appear in some of tlie gaps ; a root may or may not 
arise from tlie coniniissure ; roots in some cases strike downward through tlie 
pith instead of the cortex; the double leaf trace may extend througli the 
cortex and petiole without braiieliing for a inueii greater distance than is 
shown in BmverN figure 4 (1911) ; a diarch root may lie beside a triarch one. 
These variations well iiiatcli the wide differences in number of lobes and of 
fertile spikes which different individuals show. 

The bundles whieli constitute the stele are ectopliloie, with protoxyiem 
ill-defined but mostly eiidareb. Secondary growth is lacking. The traeheids 
have the exceptional combination of spirals and pits wliicii is eliaraeteristic 
of ■ Ophioglossales '(Loughridge 1932). In the position of' an external eiido- 
■derniis soine individuals have a layer. whose cells are filled with dark-staining 
fine granules; wdiile other individuals have some cells of the layer thick- 
wallecl, reticulate, and 'taking' a , definite stain with safraniii. But in other 
stems no endodermis can be. distinguished, and in none has, a. t.ypieal Cas- 
pa,ry’s band been seen. Perhaps, the specialized layer slioiild be, regarded as 
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perii'Vi'le. Xo fungal hypliat^ liave been observed in any of the rliizoines, but 
ill some eases stareh grains are abundant, altlioiigli they may he entirely 
absent from a rliizoine. 

THE LEAF 

Tlie braneliiiig of tlie sterile segineiit of the leaf lias miri for the plant 
the eoiiiiiioii name '"hand fern'' (Pluinier, he., says "'a ])eii pres line 

main oiiverte, ’’ as well as the s'peeifie designation paliiHiturii. Tliese words, 
liowever, appear to misrepresent the true nature of the lobing. Bittei' 1 1900 ) 
refers to ''2-3 faeheii Diehotoniieny" and this feature was first brought to 
my attention by inspection of set'eral specimens in tlie Herbariiiiii af tlie 




Fig. 1. Leaves showing stages in dieliotoiny. The two youngest leaves are sterile; 
the tiiird leaf shows the liiiiisiial eoiiditioii of a single marginal spike. 

Xew York Botanical Garden. These plants were collected in Sta. Cathariiia, 
Brazil, and very clearly sliow the sterile x:)art of the leaf twice dieliotonioiis, 
with ribboii-sliaped lobes. I have not been able to inspect Piiiiiiier 's ' type 
specimen, but his illustration (he., pi. 163) shows two plants each with four 
nearly ecpial lobes, so we may infer' that liis speeiniens did not suggest 
dichotomy.' Hooker, who liad access to specimens from.' 'i\Iauriti'us, see'i'tis to 
have had shadoAvy ideas on the critical features, for iiis plate lY ''(IS'SO) does 
not bring out the dieliotoiny and fails to indicate clearly the region of inser- 
tion of the five fertile spikes. 'The figure of Martins" (1859, pL 9) is iiiiicli 
more satisfactory, sliowing ten fertile spikes, .all margi.'iial except, the lowest, 
and the sterile segment, tw, ice diehotomons. Plated of Bower’s Studies (1896) 
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shows two plants witli dichotomous hrancliiiig, but the author appears at the 
time of writing not to have been impressed by the fiiiidamental iiatiire of 
clichotomy in pteridopiiytes, for he merely iiientions (p. 29) with regard to 
the speeiiiieii ‘‘in fig. 118, four lobes of the sterile (two iueompletely sexia- 
rate), and two fertile spikesd' Clausen (1938) uses the expression ''pal- 
rnately lobed or divided,’’ which of course expresses the form of man>’' leaA'es, 
but giye^ no liint as to the real nature of the lobing. It will readily be seen 
that unequal de\edopinent of the lobes or sinuses of a twice diehotomous 
blade wmild produce the more or less xialniate effect presented by the major- 
ity of specimens. That the plan of the leaf in 0. pahnatum is inherently 
dieliot onions is rendered probable also by the venation, Avhicli is plainly 
reticulate (fig. 2 ) , but has not departed as widely from the dichotomous type 
as is the ease in some other species, e.g., 0. Engelmanni Prantl. It may be 
observed from figure 2 that in 0. pidmatum tlie mesbes are relatiwely elon- 
gated, and the secondary network within tlie xirimary meshes xioorly devel- 
oped. Observation of young* plants (fig. 1) shows the first leaf niidivided and 
sterile, later leaves 2dobed and either sterile or fertile, ivliile still later leaves 
are more or less clearly twice clieliotomons and fertile, witli an increasing 
number of lobes and of spikes. 

As seen in transverse section, the blade of the sterile segment has a thick- 
ness of about 0.5 iiniL, Avitli no differentiation of a palisade. A cuticle is 
iiioderately developed, and small stomata are frequent on the loAver surface. 
The vascular bundles are small and of the ordinary collateral type. 

Ill tlie leaf -stalk, the epidermis, Avhile only moderately tbick-AYalled, is 
quite resistant to diffusion of aqiieons fluids. The groiiiid tissue is thin- 
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waliecl and iiiidiffereiitiated, with, cells devoid of stareli. The rmiiiber of vas- 
cular strands ranges from two at the base to twelve or more fiirtlier up. 
The course of these has been clearly traced by Bower (1911, figs. 17-20) who 
makes the point that the strands not only increase in iiiiinber upward, biit 
anastomose and form a. broad C-shaped group with the opening directed 
adaxially. In the upper part of the petiole' the group closes so as to form a 
practically complete circular ring of bundles, althoiigli this is soiiiewliat .fiat- 
teiied adaxially in agreement with the shape of the petiole. I liave. been able 
to fully verify these observations by means of series through a iiiiniber of 
petioles. The bundles are collateral and for the most part have eiidareh 
xyleiii. Larger bundles -with distinctly mesarch structure are also found 
(fig. 6), liaving the protoxyiem nearer the adaxicil side. The tracheids of the 



Pro. 4. PertiJe spikes, all hut the left-hand one ahiiornial. 


iiietaxylem liave the same type of thickening as is found in the stem. Shortly 
before petiole merges into blade, several bundles branch off from the adaxial 
side of the ring and curve adaxially to supply the lowest fertile spike. In 
agreement with Bower I. fail to identify these bundles with the ones which 
close lip the “'C'’ into an ‘ because several anastomoses have ■oeciirred 
at this position ; all that can be said is that the strands in question arise from 
the region of jiiiictioii of the edges of the C, and that after their departure 
the C-foriii is resumed.'. 

All example of the .rare 'eases in which there, are two basal spikes in place 
of 0116 ' (see pi. '22 in Bower 1911 ) dias. also .bc'cn examined ■ in ' a series of 
'Sections. The''' only, difference from' the normal is tha,t.'fro,',ni the'adaxi.al group' 
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of petiolar biuicUes seven, lying side by side, separate >slig}it]y into a set of 
four and one of tliree bundles, each of the sets supplying one of the eontigii- 
oiis spikes, and leaving the petiole with a C-siiaped vascniai* supply. Very 
rarely eases oeeur where the stalk in median position forks and. gives rise to 
Uyo spikes. In all tiie plants whieli liave come under my observation, the 
vaseiilar supply of the higher spikes arises as one or more bundles from the 
-iiiarg'iii of the C, exactly as figured by Bower (1911, figs. 17-20). 

Since in his paper of 1911 Bower has gone to some pains to establish the 
thesis that, with the exeeption of the lo\vest spike, ^‘the insertion of the rest 
is nsually iiitra-inarginal” (p. 295) , I have examined a considerable (piaii- 
tity of the Florida niaterial to test the validity of this view. The plants in 
question had been preserved in liquid, and were cut free-hand into a series 
of sections whieli were mounted in glycerin. From a study of this material 
I can say that the uiiiforiii position of the upper spikes is niarginal. It is 
necessary here to define what to my mind constitutes ^hiiargiiial,” and I 
have no hesitation in deciding this on the basis of vascular eoiineetion. To be 
explicit, I regard a spike as marginal when its vascular supply arises from 
the inargiirof the vascular system of the leaf. Bower’s figures 17-20 in the 
paper of lllll admirably illustrate the definition. If the vascular anatomy 
cannot be relied on to settle so simple a point as this, I fail to see much 
oeeasion for iiitrodueiiig anatomical evidence. For this reason I cannot see 
the signifleaiiee (I do not question the accuracy) of Bower’s figures 7-10, 
whieli are used to validate the statement (1911, p. 283) ‘'whatever the vas- 
cular eoiineetions may be, the spikes of 0. ixilmaium are in .their prime 
origin intra-inarginaL’-’ 

As far as the mature spikes are concerned, there is a decided advantage 
ill having aeeess to material preserved in liquid, for the spikes are frequently 
deeurrent to a marked degree, the stalk of a spike forming a distinct ridge 
upon the surface of the leaf. In a herbarium specimen tins feature is ajit not 
to be apparent, and the vascular system of a spike may be inserted on that 
of the leaf at a point some millimeters below the level where the stalk joins 
the surface of the petiole. In other words, the lower part of the stalk of a 
spike is in such cases fused with the petiole just as the basal part of the 
filaTiient of a stamen may be fused with the surface of a corolla. In both cases 

Explanation of figures 5-14 

IiG, 5. btele of triax'cli root, x 100. Pio. 6, MesarcU bundle from petiole, x 240. Fig. 7. 
NiieUuaof tapetal eel! in metapbase. x 250. Pig. 8. TwoAividmg nuclei, nr cell of tapetum. 
x 250.^ Fig. 9. Hetemploid xmcieus of tap.etat'eell.in metapbase. x 400. Fig.', 10., Abnormal 
mitosis of tapetal cell, x,'600,. Fig, 11. Incompletely 'divided nucleus in,' tapetal eell. x 400; 
Fig, 12. Tapetal plasniodiinn with ■nixciei, .also dividing sx^OTocytes. ,x 275. Fig. 13,.CTeneraI 
view of sporaiigi'um sbowing tbe .apparent ■"wall, 'tiipe turn i with 'several binucleate cells,' 
sporogenons', 'cells in various ' stages in dMerent ■ ‘ Hilocks. x '95,' Fig. ', 14. Biakinesis in 
'spo,r,ocytes. ,x 525.' ', , . ■, ,, 
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siieli fusion is to l)e reg-arded as a subsequent oeeiirrenee. The Florida mate- 
rial sl:iOA'\'s iiirmerous eases where one or more of the upper spikes are inserted 
at a point at last 3 inm. inward from the edge of the leaf in .the region Avliere 
leaf-stalk widens into blade; when the vaseiiiar bundles of such spikes are 
traced doAviiAvard tliey invariably join an edge of the C-sIiaped system of the 
petiole, Avliieli at this level has flattened out more or less. In view of the 
uniformity displayed by this xireserved material, it is suggested that the 
specimens sliOAvii in Bower’s figures 120 and 121 (1896), having an unusually 
large iiii,ml:)er of spikes irregularly placed, may represent abnormalities. 


STRUCTURE OF THE FERTILE SPIKE 

The general features of these rather large organs (30-40 mm. long and 
5 mm. Avide) ai*e well knoAvn. There appears to he no eonstant difference 
betAveeii the spikes Avliieh are attaehed in the median adaxial region aiid 
those Avliicli arise tOAvard the margin. The number of bundles at a level not 
more than 2 mm. above tlie point of attachment of tlie spike varies from one 
to three in the lateral spikes, and from tAA^o to four or oeeasioiialiy five in 
iiiedian spikes. As the spore-bearing part of tlie spike is reached, a central 
biiiidie is found, Avitli a slender bundle on each side, tOAvard the sporangia. 
Numerous anastomoses occur betAveeu the bundles, and small branelies are 
given off right aiicl left into the spaces between the sporangia. When mature 
these organs have a diameter of ea. 1 mm., and are deeply infolded on the 
side tOAvard the axis of the spike, so that their shape is distinctly reiiiforni. 

The most extensiA'e contributions on spore development in the group have 
been made by Beer (1906), Cardiff (1905), and Stevens (19C5). 

DEA'ELOPHENT OF THE SPORANGIUM 

The youngest fertile spikes represented in my material haA^e a length of 
2-3 nun. and a diameter up to 0.4 mm. Tlie scanty material indicates that the 
apical cell is a xiyrainid Avith four eutting* faces. A short distance beloAv the 
apex is a some what indefinite indication of four unequal quadrants in one 
or more of AAdiieli a ceil is seen to haA’-e cut off segments. These observations 
correspond Avitii BoAA’cr’s findings in 0. reticulatum (1896). Apparently my 
material is too young to shoAV the origin of the sporangiogenic band>s, for 
none of the ceils differ from the rest in density of the protoplasm. The next 
stage represented in the Florida material (fig. 18) sIioavs the sporogeiioiis 
tissue segregated ,i,iito Iavo- roAvs of Avell-defiiiecl nearly spherical groups 
liaAung a diameter of about 0.2 mm., and siiiikeix below the surface of the 
spike by about four layers of AA^all cells. In these groups the cells are miieh 
less vaeuolate tha-ii .are the wall eel.l.s, and hence 'Stand out clearly. At this 
stage none of the cells can :,be identified as tap^etal. Frequent ' mitoses are 
found iii""t,lie sporogeiiouS'. groups,." which gTOAv. until they reach a diameter 
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of at least 0.25 min. ‘witiioiit further differentiation. During’ this sta^^e at 
least four suceessive divisions of the sporoji-euoiis eelis probably oeeiir. 
1‘esiiltiiiy ill the formation of g-roiips of sporoeytes. During* tlie growtii period 
the cells ^’ary in shape but are mostly rectangular rather than polygonal 
are fitted tightly together, and are separated by thin but clear walls. The 
nuclei measure about 20 u in. diameter, except in scattered cells in whicli 
divisions fail to occur and the .nuclei may be over 30 p wide. As the divisions 
proceed, the walls begin to separate, a process which, cannot be attributed 
altogetlier to shrinkage during preparation of the material because at this 
stage there is a marlced increase in the dime.nsions of a sporaiigiiiiii, leading 
to production of a cavity which becomes occupied by tapetal plasinodiiim as 
well as developing spores. The dividing sporogeiious cells adhere to each 
other in tlie so-called blocks, wiiieh are said to be charaeteristie ratlier (.>f 
Botiifvluufii. but are sometimes rather pronounced in 0. palmafum. (fig. 
13). It is noticeable that eell-d.ivisioii is not simultaneous i,n ditfereiit blocks, 
hence tlie spottA" appearance of a developing sporaiigiuiii. In some 'of the 
blocks eiglit regularly arrrauged sporoeytes may be seen, with, indications 
of a second layer beneath the group of eight seen in the plane of the section. 
Before tlie blo(,'ks entirely break up some of the sporoeytes have passed into 
the ]e|)toiiema stage of meiosis, so tliat tlieir nuclei prese.i.it a.n entirely differ- 
ent appearance from that of the adjoining tapetal iiuelei or of the other 
stages ill deA'elopiiient of sporogeiious eel Is. Certain nueiei shoAV a stage, mucli 
resembling a 'deptotene bouquet”; it is regarded as possible that these 
may be the result of imperfect fixation. As the sporoeytes become separated 
and float in the plasinodium, pairing of ehromosoines can be made out, and 
older cells have tlieir nuclei plainly in diakiiiesis (fig. 14) ; here the eliromo- 
sonies, usually slender as iveil as small, have become exceedingly short and 
stubby, and can be interpreted as tetrads. In other sporoeytes (fig. 19) the 
cliromosomes are seen to be disposed upon the equatorial plate, and a polar 
vieAY brings out the large number, estimated in other species to be over 100* 
(Biirlinganie 1907; Maheshwari and Singh 1934). Division II follows 
promptly upon completion of the first, and appears to be imifbrmly so 
iiielined as to give rise to a quartet of tetrahedral spores. Cytokinesis is 
deferred until after division II. Certain apparent differeiiees in size of the 
chromosomes are probably to be interpreted as due to overlaps ; the small 
size of the'elironiosomes lends support to such a view. The mature spores 
retain the triradiate marking and have a finely papillate surface. Their 
diameter is 0.05 mm. aiid the wall is 3 p in thickness. 

Tapefum, The determination of the origin of this layer presents difficul- 
ties. When first distiiiguishabie it consists of somewhat flatteiied rather 
deeply staining cells, more or less clearly in the same radial roAVs as sporog- 
enous cells; mitoses however liaAm not been observed. In later stages the 
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tapetal cells liai'e iiiereased in radial diameter and are distinctly more 
Taeiiolate than the sporog^enons cells. It can then be seen tliat in certain eases 
tlie outer edge of the sporogeuoiis mass of cells is iineveii. a tapetai eel! 
soiiietiiiies replacing a sporogenous cell (fig. 15). Again, wiiat appear to be 
sister cells as e'videiiced by tlieir position iii radial rows are developed 
inwardly as sporogenons cells and outwardly as tapetiiiii (fig. 21). This may 
be taken as evidence that the tapetai cells are poteiitiall}* sporogenons. The 
thickness of the tapetiini is from two to three layers. In figures 13 and 15 
there is an appearance of a wall surrounding the sporangium; this is due 
to the collapse of inner jacket cells at the time of increase in voliiiiie of the 
sporangium, pre\ioiisly mentioned. Part of this increase is probably due to 
changes in shape, size, and number of the tapetai ceils. These eliaiiges are 
going on cpiite actively while the sporogenons cells are giving rise to sporo- 
eytes, as is evidenced by the rather frequent mitoses visible in the tapetai 
layer (fig. 7). Some of the mitoses are completed, so far as the nuclei are 
concerned, giving rise to binneleate cells (figs, 8, 15 K wliicli are numerous , 
if not indeed typical of this stage. Qiiadrinucleate cells also occur (fig. 16) 
but are distinct!}' less numerous than the binueleate ones. Some of the ceils 
contain a single mieleiis of spherical or irregular .sliape, measuring 30-34 g 
ill diameter instead of the 17-20 p found in other tapetai cells (fig. 15). 
These observations indicate that in such cells the mitoses have been incom- 
plete (fig. 11) or possibly that iiiielear fusions have taken place. Figure 9 
shows a particularly broad metaplia.se of width over 50 g (ef. fig. 7) ; similar 
figures have been found showing the equatorial plate in face view, and these' 
plainly indicate that the nuclei are lieteroploid. No comineiiig appearances, 
of amitosis have been found, but abnormal mitoses (fig. 10) sufficiently 
account for the diversity in size and shape of the nuclei. Steii (1935) has 
fi,giired many similar cases in other members of the order, so that it is 
unnecessary to pursue the matter further than to refer to the, frequency of 
such phenomena ill our material. 

The ceils are now seen to have one or more large vacuoles, wiiile the wuills, 
heretofore distinct though thin, begin to melt awmy. In this way is produced 
a plasiiiodiuni which is presently seen occupying the spaces between the 


Explanation of figures 15-21 

Fig. 15. Medium stage of development of sporaiigiiinij showing tlie ap;pareiit wall, 
biiiiicdeate tapetai cells, and probably sterilized cells of potential sporogenous tissue, with 
iionnar sporoeytes. x 2u0. Fig-. 16. Bporangium. at 'about' the same stage as figure 15, with 
a quadriiiueleate tapetai cell at left, and t'wo binueleate cells' at right, x 200, Fig* 17. 
General view of root, showing outer cortex, fungal layer, inner cortex, and part of stele 
with .diarcli xyleni. x TO. FiO'., 18. Young f'Crtile spike with sporangia not yet ' showing 
tapetum. x 200.' Fig. 19. Dividing sporoeytes hi' plasmodiuni. A'bove i's a metapliase, below 
this a telophase and a, , q,iiartet. ,x600. Fig. 20. 'Eegion of spike .opposite ,a sporangium, 
'Where' dehiscence takes place. ^AValF'^ of sporangium,, tapetiini and 'Spo,r(>gem)'us .cells, are 
aisO' shown. ,xl20, Fm. ' 21..' 'Tapetai cells in. radial aligiiiueut 'w,itli sporogenous .cells. X'2.00. 
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''blocks’' of sporoeytes and later separating the individual spores (fig. 12). 
The piasiiiodiiiiii shows iiiimerous vacuoles, also ninclei of ^'arioris sizes and 
shapes whieli persist after the spore quartets are formed. 

Shortly before the sporoeytes are formed the edges of tlie spike sliow 
exteriially a series of slight depressions, one opposite each, sporangium. In 
section the jacket cells are seen (fig. 20) to have divided perielinally in a 
more or less regular manner below each of the depressions. Later a trans- 
verse split appears at each of these points, setting free the spores. Xo other 
specialization eoiiiiected wdth dehiscence can be seen. 


DISCUSSION 

Campbell (1911) came to the conclnsioii that in the Java material iden- 
tified as 0. nioluccanum. Schlect. there is no true ‘'canline” stele, basing his 
opinion on the observation that the vascular tissues are made up entirely of 
leaf traces and do not receive additions from the apical tissue of the stem. 
More recently i^^Ialiesliwari and Singh (1934) observe with refei-ence to 
0. fi'brosicm ''there is no cauline stele; it is made up entirely of leaf traces.'' 
Tiiey iiientioii moreover the presence of tlie commissure which is present at 
each leaf gap also in 0. pahnatum. It is worthy of remark that in each of 
these species there is a more or less tuberous rhizome (v. Campbell 1911, fig. 
55.; Maheshwari and Singh 1934, fig. 45). On the other hand, in the more 
slender rhizome of 0. Engelniamii Praiiti, material of which has been kindly 
supplied by Dr. E. P. St. John, I have observed a simple siphonostele with 
somewhat overlapping gaps from the edges of which two leaf traces arise. 
It would be possible to interpret the vascular system of the rhizome of 0. 
palmaium as a congeries of leaf traces, but I prefer to follow’- Bownr (1911, 
p. 281) in regarding the scattered eondition of the stele as ''a natural eon- 
seqiieiiee of the parenehymatous sw’-elliiig" wdiicli characterises this species 
as it does the other twn mentioned previously. Attention may be drawn to 
the overlapping of eharactei^s in the three sections of the genus, sucli as the 
doiihie leaf, trace, the eoiiimissure, the different types of stele. As to the 
double leaf trace, •wliieii Bowser (1911) considers a character in wliicli 
Ophioilernia ^i\(i Cheiroglossa differ from ail other Ophiogiossaeeae, it occurs 
not only in 0. Engel mannu a representative of Euoph ioglossitm, but is seen 
in some of my preparations of Botrychhim dissect urn. Thus is emphasized 
the essential unity of the order. 

The origin of the tapetiim appears to vary in the three genera. Bownr 
(1908) smns up the situation thus: "the large sporogeiious mass of OpJiio- 
glossum throws off its superficial tissues as tapetum, ... in the other twn 
genera the tapetum originates from the ■ adjoining tissue” (p. ,457). The 
observations recorded in the present paper are in agreement with Bownr's 
statement, (and add'aii item to’ the list. of features in w'bieh section Ckeiro- 
glO'Ssa is truly an Ophioglossuni, 
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Tlie shape of the mature tapetal. cells varies from, fiat in B(yfrifehririn 
to irreg'iilarly eiibieal or polygonal in O. pal main nu and distinetl}' elongated 
radially in II elm in thostachys. 

As to tlie later stages in development of the tapetiiiiL Steil. (19351 was 
able by the use of satisfactory material of B. virginianum and 0. vulgatum 
not only to find biniurleate cells, which were laekiiig in tlie material used by 
Burlingame (1907) and Maheshwari and Singh (1934), but to furiiisli evi- 
dence for deriving these from ineompiete or abnormal mitosis rather tlian 
amitosis. It is of interest to note that the tapetuiii of 0. palmafurn presents 
many stages closely resembling those figured by Steii and thus bears witness 
to the unity of tlie order in. this regard. The presence of many tapetal iiiiclei 
diAuding by mitosis, observed by Steii and now eonfiriiied in tlie material of 
0. pal mat um, goes far to dispose of tlie older theory wliiid,! accounted for 
polyiiiieleate tapetal cells by assuming amitosis. I have seen no cases in the 
Florida material that could not be explained on th,e basis of i,iieoiupIete or 
abnormal mitosis. 

Passing to the nature of the fertile spike, which is of course the central 
problem in the order, it would appear iiniieeessary to review the older 
theories, for several of these have been expressly reiinqiiislied by their sup- 
porters ; and yet tiiese tlieories have a. way of gaining a new lease of life as 
a result of changing points of view or of more recent discoveries, for iiistaiiee 
the adoption by Bower (1935) of t.he theory proposed in 1930 by Zimmer- 
man, to the effect that the fertile spike represents a dorsi- ventral d idiot only 
of some ancient pteridophytie shoot. This ease is the more interest i.iig in view 
of the fact that Bower has entertained at least two other hypotheses : i.ii 
1908, etc., the strobilar nature of tlie 0 phioglossum plant, and in 1926 the 
theory proposed by Roeper in 1859 to the effect that the fertile spike in 
Botrychiiim represents two fused basal pinnae. 

It will readily be perceived that these three theories h.ave entirely dif- 
fe.reiit starting points; for instance, what we ma,v style the dichotomy”' 
view 'presupposes an origin for Ophioglossales quite early in tlie history of 
the niegaphyil, while 'Roeper 's theoiy of fusion assumes tliat the fern deaf 
was already existent before Ophioglossales branched oft* from the ancestral 
stock. It is at present not possible to exclude either of these possibilities, but 
it is well to bear in mind that the inemb'ers of Ophioglossales which best 
illustrate a possible aiitero-posterior dichotomy are species of BofryeJiknn 
of small size, usually regarded as reduced forms. I refer' particiilarly to 
certain abnormal specimens of B. simplex Hitchc. i'li which large ''sporaiig.ia 
occur ill both sterile and -fertile segments, .These could be i'literpreted as- 
representiiig dichotomy iii^ two planes, but their vascular as u’eH as photo- 
synthetic organs bear evidence of ■ -reduction. Other phases .of .this question 
are reserved' for separate treatment, ' . ■ 
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Tlie g-eiiiis OpJiioglmsmn, earlier eoiisidered primitive, is now regarded 
as the most advanced of the three genera, on the basis of veixatioii, vascular 
structure, and sporangia. Within the genus, those species having a single 
spike are generally regarded as typical, while 0. pcdmafum is accordingly 
an elaborated foiTii showing duplication or chorisis {pleiogenij is tlie word 
Bower, 1911, suggests for such phenomena). It is possible, however, that 
this plant represents a form more nearly like the ancestral stock than do the 
other species, while the small species with uubranehed sterile segment and 
single spike are reduced forms. Such a vieW' is suggested though not explicitly 
stated by Eames (1936) , and with this view I believe the balance of evidence 
is ill aeeord. First, in 0. palmaf um the repeated dichotomy shown in jiivenile 
stages and also in many adults appears like the persistence of a very ancient 
habit. The spikes with their truly lateral (marginal) position may represent 
specialized lobes, as was suggested in earlier papers (Chrysler 1910, 1911). 
Second, the venation does not show tlie specialization found in some of the 
siiialler species. In the latter a more or less pronounced midvein is fre- 
quently visible in specimens which have been rendered translucent. A num- 
ber of preparations illustrating this feature, also uiipiiblislied results, have 
most generously been put at my disposal by Dr. E. P. St. John. In 0. pa?- 
matuni on tlie other hand no such differentiation of veins can be made out. 
Moreover it has already been pointed out that the network is on a simpler 
plan, more suggestive of derivation from dichotomy, than is the case in some 
species of Euophioglos^uni. Third, occasional eases of diehotomy are found 
ill the sterile segment of small species. Fourth, a rediietion series starting 
with 0. palmaf um duplicates the series which seems to be very probable in 
the genus Botrych ium. 

Against sneli a sequence may be urged the epiphytic habit in b^h of the 
large-leaved sections, OpJitoderrna and Cheiroglossa. Further, it is true that 
the arrangement of the fertile spikes is not very suggestive of dichotomy ; 
much modification of the original condition is indicated, although tlie true 
marginal position of the spikes is probably significant. It seems certain, as is 
indicated on general grounds, that before Botrychium and Ophioglossuni 
became separate genera the habit of fusion of the two basal lobes had alread.y 
become settled. 

Althougli the danger of introducing teratological evidence is admitted, 
it should be mentioned that the Florida material includes several spikes 
which are distinctly flattened, with a relatively broad thin lamina betw^een 
the two rows of sporangia. Such eases may give us a glimpse of the appear- 
ance of the ancestral fertile lobes (fig. 4). 

Anotlier suggestion as to the possible appearance of the aiieestral Ophio- 
glossiimi corner from. the remarkable- gmius: Truc/iopfcris (Bower 1926, p. 
162) , ' soiiietiiiies; iiieiuded ■ under Anemia. .. In ..the' leaf of 'this .plant the basal 
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lobes bear sporangia in tlie inargiiial position. Eeealling tlie iiioi'^plioiogy of 
the typical Aiioiiia leaf. Trochopierh may well represent the persistence of 
an aiieestpal eoiidition. Tlie ‘ hiicjiiangial soriis*’ in Seliizaeaeeae inay be indi- 
cation of affinity witii blphioglossales, while tlie pronounced dieliotoiiiy in, 
Schizaea marks the family as a primitive one, to which w^e may reasonably 
turn when seeking a parallel to the evolutionary history of Opliifig'lossales. 

Tlie most recent proposal coiieerniiig the morpliology of the ()p,liiogloS“ 
sales is by Troll (1933), who has extended to tliis group his view' of the 
peltate nat'iire of the leaf of certain higher plants. He considers tliat 0. pal- 
riiaturn best of all members of the order illustrates the peltate structure. 
He finds a, parallel in the genus Bodgersia (Saxifragaceael, wliich wo'iild 
seem to be a rather advanced group i'u. which to seek a,iieest'ral features. 
Moreover Troll admits having liad 'no 'new material of Ophiogkhssu^n fo,r 
stnd 3 c He hazards tlie opinio'n that the cylindrical niiifaziar’) structure 
of the petiole is so fixed that it no doubt oec'urs i.ii sterile fronds as well as 
those which bear an adaxial spike. Unfortunately for tlie tlieoiy, 'iny material 
has furnished an o])portiinity to test out this assumption, and I am in a 
position to say that in sterile leaves the vascular system of the petiole .forms 
a C but the edges fail to close in to form an 0 ; on the eo'iitrary tlie C opens 
O'lit widely as soon as the rod-like petiole merges into the blade. It follows 
that TrolUs sehematie figure (1933, p. 570), explaining the plan of the leaf 
in 0. palmatunp si.mply does not hold. Further, the evidence derived from 
abortive spikes proves nothing. This must surely be reasoning backwards, 
and is eoiitradieted by the evidence from juvenile plants. 

■]\Iost likely the oeeurrence of the strongly curved vascuilar system in tlie 
petiole of this piarit is to be exx>lained in terms of the inechanicai necessities 
of a large heavy leaf, and we may interpret tlie C-shaped vascular system as 
a mere temporary ''expedient' ' providing the necessary rigidity. If this is 
the correct i'literpretatioii we may go farther and suggest that' the close 
approximation of the two edges of the C played a part in the evolution of a 
single spike in the adaxial x^os'ition. The following stages are represented in 
the Florida .material: (1) two basal spikes, closely approximated on the 
adaxial face of the petiole; (2) one adaxial (median) stalk which forks giv- 
ing rise to two spikes; (3) the .regular single basal spike s'lippliecl by a larger 
number of bundles than is the case in .lateral spikes. In all of these' eases the 
insertion of the spikes is real’ly marginal,' as is indicated by^ the vascular 
eoiineetioiis. 

This short survey of tlieories leaves the writer with, the idea that evidence 
for, deriving (}p,hioglossales directly 'from plants 'which still had a .primitive 
inegapliyll showing dichotomy in two ifianes, is 'still too scanty 'to be'COii- 
viiiei'-iig, attractive as the genei’al proposal appears. The-evideiiee from 0,' 
2)al}natH.}n:md from iiiore ■general eons'kle'rations appears to favor the propo- 
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sitioii that tlie dorsi ventral leaf had already appeared, but that diidiotoiuy 
ill one plane was still pronounced in the ancestors of the g:r()iip. 


SUMMARY 

1. An adequate supply of suitably preserved niateivial of ()pIiio(}l()ss((ni 
palmatum L. from Florida has made it possible to fill the chief g-aps in our 
knoAvledg’e of the sporophyte. 

2. The inyeorrhizal condition is restricted to the root, where its (leeiir- 
renee is* local. 

3. The apical cell of the root has the usual tetrahedral form, with, four 
cutting faces. 

4. The developinent of spores and tapetuiii is traced. In the latter niinier- 
oiis binucleate cells and abnormal mitoses are found. 

5. Tlie lobing of the leaf is essentially dieliotomous, as is seen in juvenile 
stages and in many mature individuals. 

6. Venation is of a less advanced reticulate type than is shown in some 
species belonging to EuopMoglossiim, 

7. The observations of Bowser concerning the vascular plan, of rliizome 
and petiole are confirmed. 

8. It is held that the insertion of the fertile spikes is triih' marginal 
The lowest spike usually represents the fusion of two. 

9. Evidence is adduced for the view that 0. palmaiuni is nearer tlie 
ancestral condition than are the smaller species. 

10. The overlapping of various features which have been used to distiii- 
giiish the three suhgenera of Ophioglossum. indicates the essential unit.y of 
the genus. 

11. Certain current theories as to the nature of the fertile spilce are 
criticized in the light of recent observations. 

Department of Botany 
Rutgers University 
' New Brunswick, New Jersey 
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THE GENUS EVERARDIA 


CnA.R.LES Gilly 
(with three FICtXTRES) 

INTRODUCTION 

During 1939, wlieii identifying the specimens of Cyperaeeae wliicdi Mr. 
G. H. H. Tate eoiiected on Mount Auyan-tepni (5), I had occasion to 
examine the specimens which he brought back from earlier expeditions to 
Mount Roraima and Mount Duida. These included several nirnamed speci- 
mens (numbers 469, 542, 720, 721, 800, and 816) provisionally i*eferred to 
the genus Everardia by Britton (4). 

It must be presumed, for several reasons, that Britton made only a, 
casual inspection of tliese specimens. In the first place, 1 must disagree 
with his observation that these unnamed specimens are ‘fnot in good con- 
dition”; certainly complete vegetative portions of the plants, together witli 
mature aehenes and well-preserved antliers on almost evei\v siiecimen, con- 
stitute excellent condition, especially in the Cyperaeeae. Secondly, t?ertain 
of these specimens were so different from the rest, and from the two known 
species in this genus, that the possibility of iucliidiiig them in Everardia 
seemed slight. Subsequent study showed that Tate 720, 721, and 800 must 
be referred to the genus Cephalocwrpus Nees. Tale 542 is neither an 
urdia nor a Oephalocarpm although it does possess some characters of botli 
genera ; neither can it be placed in the rather closely related genus Laf/eno- 
carpus Nees. Probably tins staminate specimen represents the only eollec- 
tioii of an as yet iindescribed genus. 

Tate 426, from Mount Roraima, identified tentatively by Britton as 
Everardia angusta N. E. Br., is distinct from that species. 658, also 
from Roraima, proves to be distinct from E. mvntana Ridley. 570, 
provisionally referred to Lagenocarpus rigidus Nees in the Duida report 
(4), cannot be included iu the getius but represents an unde- 

scribed species of Everavdia, Tate 469 and 816, already mentioned, are 
coEspeeifie and represent another iindescribed species. Tliese four new 
species, described in the present paper, togetJier with E. lemgifolia from 
Mount Anyan-tepui (5), increase the number of species in this genus from 
two to seven. 

In regard to the publication date of the genus Everardia, I quote a self- 
explanatory paragraph, signed by the Secretary of the Linnean Society of 
London, which precedes Oliver ^s. paper on the im Tlnirn collections from 
Mt. Roraima (8) : ”Note.— The following determinations and descriptions 
of new plants were expressly drawn up for publication in the f Transactions 
of the Linnean Society, t a confidential copy being given to Mr. E. P. im 

20 ', ■ 
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Tliiini to liiiii in ivritiiig* the foregoing* Introdiietion, During the 

delay required to prepare the accompanying Plates, Mr. iin Thiirn has taken 
the iinprecedented course of printing the whole of the iinreyised draft, at 
Demarara, in ^Timehri, the Jonrnal of the Royal Agricultnral and Coin- 
inereial Society of British Gnianad voL v. pp. 145-233 (Dee. 1886), thus 
forestalling the present publication. — Sec. L. S.” Because of Mr. im 
Thurnfs ‘Ginpreeedented course,” it seems necessary to cite the publication 
of the genus Everardia Ridley as 'Gn im Thurn, Timehri 5: 210. Dec. 
1886” (7), despite the fact that in the Index Kewensis the Timehri citation 
is relegated to brackets and preference given to ^dn Oliver, Trans. Linn. 
Soc. Sey\ 11, 2: 287. July, 1887.” The same consideration must also 
apply to the publication and citation of the species E. montana Ridley. 

I quote from Ridley’s generic description: ''Stylus brevis, stigma l)i- 
fidum lobis brevibus planis laneeolatis. ’ ’ And from his description of the 
species E. niontana: "Stigma breviter hifiduni lobis laneeolatis obtiisis 
l)lanis, violaceis.” And, again, from his next succeeding paragraph; "This 
genus is most nearly allied to La ge nocar pus, but differs entirely from that 
genus, and from the rest of the Cryptangiae, in the lateral inflorescence, the 
Iriful stigma, with short flat lobes, the absence of any eupule, and the pres- 
ence of a large number of hypogynous bristles.” (Except for the generic 
name, the italics in the preceding quotations are mine.) I do not know 
whether Ridley was merely careless in his diagnosis, or whether he happened 
to choose, for his examination, pistillate flowers from which one of the stig- 
mas had been broken. It is suffleient to say that the remaining pistillate 
flowers on the type specimen distinctly show three stigmas, and the artist 
who made the drawings for plate 52 (8) portrayed three distinct stigmas in 
both of his delineations of the pistillate flower. I cannot agree, however, 
with eitlier Ridley’s description or the artist’s portrayal of the shape of the 
stigmas. Ridley’s comments are quoted above,- the artist has shown the 
stigmas as little more than twice as long as wide, and as distinctly flattened- 
lanceolate in shape. My examination of the pistillate flowers of the foui" 
available specimens (the type included) of E. montana shows the stigmas 
to be linear, elongated and approximately terete, with, in some flowers, a 
very slight tendency toward iiiflatiou at the point of their separation from 
the style proper. The stigmas of the other six species of the genus are elon- 
gate and terete. 

Examination of the aehenes of the seven known species of this genus dis- 
closes that the "Setae hypogynae, copiosae, tortae” of Ridley (7), and the 
"pill hypogyni copiosi” of Brown (1), must be more fully explained. 
Even low magnification (x 10) shows that the aehenes of Everardia 
seated in a hypogynous perianth cup formed by the marginal fusion of three 
minute scales, the free upper portions of which appear to be ciliate-mar- 
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li'iiied. Iiig‘ber magnification (x 100) allows that tliese aiailes are foriiied of 
a single layer of uiiicellnlar hairs. The basal portions of these hairs are 
fused, thus forming the '‘scales,-’ but above the a,rea of fusion tlie Indi- 
vidual liairs are free. The structure of these ]ieriantli scales is similar to 
those of tlie African genus Microdracoides Hua (2, 6) wliich nia>^ ultimately 
prove to be closely related to Everardia. 

Th e arrangemen t of the inflorescence, as described by both Kid ley and 
Brown, with staminate spikelets below and pistillate spikelets above, is 
borne out by tlie additional five species. The spikelets of the two sexes, 
lioweA'er, are not Avholly segregated, (3ecasional pistillate spikelets may 
be found at the apices of lower compound branchlets, or at tlie apex of tlie 
central brancblet arising from one or more of the lower inflorescence 
sheaths. Also, but not so frequently, occasional staminate spikelets are 
found on braneblets arising from tlie uppermost inflorescence slieatlis. 

The true stem (Avbieh in most Cyperaceae is very sliort) elongates from 
year to year. This stem should iierhaps be termed an aerial rhizome, for, 
as it elongates by growth (the plant thus gradually heeoming nioi*e and 
more top-heavy), '‘prop roots” are formed along its lengtli. These "prop 
roots” force their way through the persistent leaf-sheatlis which siirround 
the stem and, after reaching the ground, aid in supporting the top-heavy 
plant. There seems to be no regular xiatterii, such as i>s exhibited by flie 
axillary buds, for the formation of these "prop imots.” 

Ill his description of angusta. Brown (1) makes the statement: 
"Leaves in dense tufts of S-6, distinct from the flowering culms ...” An 
examination of the three available specimens (the type included) of E, 
(ingusta and of Tate 426 from Mount Roraima exiilains this observation (by 
Brown). I have found tliat in this genus tlie leaves (as is typical of the 
entire family) are distinctly three-ranked, and that, at tlie point of attach- 
ment of the bases of tlieir closed sheaths to the aerial rhizome, a distinc-t 
sear which encircles the rhizome in a closed band is formed. Between eanh 
scar and the next above — in tlie axil, tlierefore, of eacli leaf— is an axillary 
bud wliich sometimes remains dormant, sometimes produces an iiiflcirescemny 
and sometimes develops into a branch of the rhizome. It was, iiiidoubtedly, 
these young and few-leaved rhizome branches wliich Brown observed. 
Furtlier to add to tlie illusion of distinct flowering culms and fascicled 
leaves, the flowering culm of the year seems always to be (ievelo]3ed from 
the bud in the axil of about the sixth leaf below the growing tip of tlie 
rhizome. 

For suggestions and advice on this problem, I Avisb to thank Dr. II. A. 
Gleason ; and for his kindness in lending me the types and other available 
specimens of E, angnsta mid E. montanayl express my thanks to KSir Arthur 
W.':Hill, 'Dii:cetor of the Royal Botanic; Gardens 
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TAXONOMIC TREATMENT 

Because of the diserepaiieies or omissions which I have already men- 
tioned, and because of certain other points which have been observed in the 
study of the additional species, it seems necessary to emend the yenus Ever- 
ardia Kidle}" as follows : 

Everardia Ridley, in im Thurn, Timehri 5: 210, 1886. Pereniiiah 
with an ascending, simple or branched, woody aerial rhizome surrounded 
by the persistent and more or less ragged sheath-bases of old leaves. LeaA^es 
rigid, more or less carinate, three-ranked, but sometimes appearing many- 
ranked. Flowering culms erect, leafless, axillary, basally enclosed by a 
short membranous sheath which is usually hidden within the leaf-sheath. 
Inflorescence composed of few-numerous tufts of erect, simple, or com- 
pound branchlets arising from the axils of close-fitting leafy-pointed 
sheaths. Spikelets monoecious, solitary at the apices of the branchlets. 
Lower portion of the inflorescence staminate or with l~several pistillate 
spikelets at the apices of the compound branchlets or the central branchlet 
of a tuft or tufts bearing a solitary pistillate spikelet. Upper portion of 
the inflorescence wholly pistillate or rarely with 1-few staminate spikelets 
accompanying tlie pistillate. Staminate spikelets numerous, many-flow- 
ered ; empty glumes 3-8, staminiferous 4-8 ; stamens under each staminif- 
erous glume 6 (or rarely 4 or 8). Bhlaments capillary, persistent; anthers 
linear, two-celled, the connective prolonged between the loculi into a mi- 
nute tuft of stiff hairs. Pistillate spikelets few and smaller than the stanii- 
nate, l-flowered, the ovary surrounded by 4-6 glumes. Achene from terete 
to obtusely-triangular, more or less conspicuously marked b^' 3 longitudinal 
carpellary lines, the apex tapering into a persistent, pubescent, or glabrous, 
conical, acute or truncated beak (style base), the body of the achene gla- 
brous or pubescent. Style exserted, the stigmas 3, essentially terete, linear, 
elongated; style and stigmas conspicuously pubescent. Perianth cupular, 
formed by marginal fusion of 3 minute ciliate-margined scales, the scales 
frequently so reduced in size that the achene appears to be surrounded by a 
ring of hypogynous hairs ; marginal hairs straight or twisted. 

Type species : E. montana Ridley. 

The genus Everardia belongs to the tribe Cryptangiae, the most closely 
related genera being Ce^dialocarpus and Lagenocaijms. Both Everardia 
and Ccyphalmarpiis have axillary flowering culms and the perianth cup of 
three fused hypogynous scales ; they may thus be distinguished readily from 
Lop with its terminal inflorescence and lack of perianth. Lue?'- 
ardia is easily separable from Cephalo carpus, the latter genus having capi- 
tate-condensed inflorescences and achenes with clavate, persistent beaks. 
Everardia 6 stamens under each staminiferous glume of the staminate 
spikelets ; both Cephalocarpiis mid Lagenocarpus have 2 stamens under eacdi 
stamimferons glume. 

Although Ridley published no formal dedication of the genus, the fact is 
obvious that Everardia m named in honor of Everard Ferdinand ini Thurn 
(1852-1932), eolleetor of the generic type specimen. 

So far as is now known, the genus Everardia is restricted to the summits 
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of Moiiiit Roraiina, Moiuit Diiida, and Mount Au\'ai.i-tepiii, but hitui'e ex|)]()- 
ratioii will iindoiibtedJr discover the present known species and,/oi* othei* 
cies on other iiiouiita'ins in the Sierra Facaraiina coin|)]ex. The f:i(*(S)nij)air\- 
in^' map 1) show's the type localities of tiie specn'es in this j^'ciuis. it is 
of interest to note that, thus far, not one of tlie seven s|)e(des has been (col- 
lected from more tlian a single mountain. 



Pkl L I)iati'il)uti(,)n of Evenirdku 1. Mt. Rovniina, {E, anifUKla, E, finicilu, E. •mon- 
tana)'; 2. Mt. Duida {IL (ilaueif<Ma,E. renoluia, E, duidar); 3. Mt. Airyan-t(‘|)ai (E, lanffE 
folia), Geaeral outline of tin* 8ier)‘a Paeai’ahno, eonijilex iialicated by dotted ;n*eM. 


The specimens wliieii I lia,ve examined in tlie study of this genus are dm 
posited in the hei*barium of the New York Botani<niI Garden. (N Y) , and in t;lie 
herbarium of the Royal Botanic Gardens at Kew (K). 


Iv:ey to the species 

Leaves 4 mm. or less in wicltli, folded for most of tludr lengtli, tlms appearing triailgular 
in cross-section, tliinly pilose on both, surfaces and margins; beak of aclieue conical, 
longer than body of acdiene, densely stiff 'pnbeseent. 

Aehene dark brown, both body and beak pubescent; periantli scales obovate; leaves 
2-3.5 dm. long; flowering culm, inflorescence included, 3.5-5 dm. higli. 

1. E, migusta 

Aehene straw colored, the body glabi'ous and beak xnibescent; perianth scales acute- 
triangular; leaves 0.7-1.5 dim long; flowering cuhn, .inflorescence included, 2-3 drm 

, high, 2. E. grmMs 

I.^eaves more than 4 inin. in width, flattened, folded or with revolute margins (when fold(*d, 
not appearing triangular in cross-section), the margins various but the leaf -surf ac'cs not 
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pilose ; beak of aclieiie conical or tnineated-conic, if longer tiiaii tlie body of the acliene, 
tben the beak glab]‘ous or only minutely piiberulent. 

^lowering culm and infiorescenee stiffly erectj considerably exceeding the leaves; 
leaves stiffly erect, the margins xiarallel for most of their length. 

Leaves 4~6 imn. wide, 1.5-4 dm, long, thin, green, glabrous, witli prominent inid- 
rll:) ; staminate spikelets 7-11 mm. long, sterile gluines brown, oblong, bifid at 
apices, the green midrib extended between the teeth into a inuero 1.5-2. 5 mm. 

long 3. longi folia 

Leaves 12-14 mm. wide, about 5 dm. long, thick, leathery, white-glaucous on both 
surfaces, the midrib obscure or almost obsolete; staminate spikelets 3.5-4 mm. 
long; sterile glumes purple-brown, broadly ovate to ovate-lanceolate, short mucro- 

nate but not bifid at apices 4. E. glancifolia 

Flowering culm and inflorescence laxly ascending or more or less erect, scarcely 
exceeding the leaves; leaves reflexed or recurved, broadest at base and gradually 
tapering toward apices. 

Leaves conspicuously revolute, appearing hollow-terete in cross-section, the mar- 
gins smooth; achene light brown, the tricarpellary markings distmet; beak of 

aehene slender, conical, half as long as body of achene 5. E, revoluta 

Leaves folded or flattened, the margins ciliate or sharp-scabrous; aehene dark 
brown, the tricarpellary markings faint; beak of aehene conical and as long as 
achene body or bluntly truncated-conic and equalling or shorter than aehene 
l;)ody. 

Slieaths of infiorescenee glabrous except for scanty pubescence at their 
mouths; beak of achene conical; leaves 10-15 mm. wide at base, folded at 
base, smooth and glabrous except for tlie white-ciliate margins; fiowering 

culms stout, fiatteiied 6 . E, montana 

Sheaths of inflorescence densely minute-pubescent; beak of achene bluntly 
truncated-conic; leaves 5-8 mm. wide at base, fiat for entire length, upper 
surface granular-ronghened, the lower smooth and glabrous, the margins 
sharp scabrous; flowering culms capillary, subterete 7. E. duidcie 

1. Everardia angusta N. E. Brown, Trans, Linn. Soe. II, 6; 73. 1901. 
Grypiangiuni stamineum N. E. Brown; Clarke, Kew Bull. Add. Ser. 8: 135, 
noineii. 1908.^ 

Aerial rliizome simple or branclied, 2-3 mm. in diam., to at least 5 em. 
long, surrounded by the ragged, fibrous, dark brown leaf-sheaths. Leaves 
2-3.5 dm. long, 2-4 mm. wide, linear, acute, usually folded below, bicarinate 
above, appearing triangular in cross-section, more or less recurved, thinly 
pilose. Flowering culms strictly erect, flattened, slightly eoneave on one 
side, convex on the other, sparingly pilose to glab rate, about 1.5 mm. wide, 
including the inflorescence 3.5-5 dm. high ; basal sheath 5-7 cm. long. In- 
florescence 3.5-5 dm. high; basal sheath 5-7 cm. long, Iiifloreseence of 4-5 
distant tufts of spikelets; sheaths dark brown, glabrous or thinly pilose, 
8-20 mm. long, the leaf -like points about one-third longer than the sheaths. 
Staminate spikelets 7-8 mm. long, 2-2.5 mm. in diam.; sterile glumes 5-7, 
oblong, acute, niiieronate, brovm, thinly and minutely pubescent on the 

1 Pfeiffer (9, p. 44) states that the nomeii nudum Cryj^tangmm .stmwmcMm fsicl] 
N". E. Br., refers to this species. In my examination of the type specimen, I find the 
crossed-out name Gryptangium, in Brown’s handwriting, above the name Everardia an- 
gusta, Eollowing this is an erasure through which may be dimly seen \ ' stamineum d' It is 
indeed unfortunate that this cheironym was inadvertently published m Clarke’s post' 

■ humous 'Cyperaceae paper, 
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back; staniiniferoiivS glumes 4~6, oblong, obtuse; staiiieiis iiiider eacli gluiue 
6. Pistillate spikelets 6 iiiin. long, 1.5 nmi. in. diani.; gliinies 5, oblong- 
lanceolate, a, cute, nmcronate, minutely eiliate. Acbeiie siibterete, ovoid, 
pubescent, dark brown, 2-2.5 mm. long, about 1 mm. in diaiu., the triimr'- 
pellary markings distim-t; beak persistent, long~coni(s about b mm. long, 
densely covered with short, dark brown piibeseenee. Periantli S(oiles olxe 
vate, about one-eightli as long as body ot acdiene; marginal hairs {a)|)ious, 
about half as long as body of aehene. Stigmas linear, terete, (lai*k brown. 
(Fig. 2, a, (d.) 

For the sake of easier comparison between species, I have, above, ampli- 
fied Brown’s specific description. Also, I have changed Ids lueasurements 
into tlie metric system. 

Venezuela — bolivar ; Mount lioraima, summit, autiinin 1898, jMcOon- 
nell & Quelcii 676 (type) (K) ; 2500 m., Jan., 1910, E, Vie 8539 (K) ; sum- 
mit, Nov. 26, 1927, G. IL H, Tate 435 (NY). 

2. Everardia gracilis Gilly, sp. nov. Rliizomata breviora, ramosa, 2 mm. 
diam. minusve, vagiuis persistentibus ati*oJ,)runneis laeerato-fibratis tec'ta ; 
folia 0.7-1.5 dm. loiiga, 2-4 inin. lata, linearia acuta bicmrinata pilosa; culmi 
fioriferi eiim infioreseentia 2-~3 dm. alti; vagina ad basiin 2-3 cm. longa; s{)i- 
ciilae inasculae 6.5 mm. longae, l.e5-2 mm. diam.; sjiiculae foemineae 5 nim. 
loiigae, 1.5 mm. diam., gliimae 5; acliaenia subteretia o\a)idea glabra sti*a- 
miiiea, 2.5-3 inm, longa, 1 mm. diam.; rostro pubescente, 3.5 mm. longo; 
squainellae liypogynae ti'iangulares qiiam corpus acimenii 6-|)l{) breviores; 
stigmata linearia teretia pallido-brinmea. 

Aerial rhizome short, 2 mm. or less in diam., branclied, siirrounded and 
hidden by the persistent, ragged-fibrous, dark-brown leaf -sheaths. Leaves 
0.7-1. 5 dm. long, 2-4 mm. wide, linear, acute, folded below, strongly bicari- 
iiate above, appearing triangnlar in cross-section, more or less reiuirved, 
thinly pilose on margins and midrib. Flowering culms stiffly erect, sub- 
terete, sparingly pilose to glabrate, 1-1.5 mm. in diam., iucdudiug the iii- 
florescjeuee 2-3 dm. high; basal sheath 2-3 cm. long. Infioresceiiee of 5 
tufts of spikelets ; sheaths dark brown, densely a.|)presse(l-pubes(u^]i^ to 
glabrous, 5-18 nim. long, the leaf -like point as long as tlie slieatli. Stami- 
nate spikelets 6.5 mm, long, 1.5-2 mm. in diaiu. ; sterile ghiines 4, oblaiuuM)- 
late, acute and miicrouate, browiv, tlvluly pubescent or glalirous; st.auiiuif- 
erous glumes 4, oblong, rounded at apex; stamens u nd tuv eacli glume 6. 
Fistillate spikelets 5 mm. long, 1.5 rnm. in diam. ; gliimes 5, narrowly lamuH)- 
late, acute, minutely eiliate on the margins. Achenes sub-terete, ovoid, 
glabrous, straw-colored, shining, 2.5-3 mm. long, 1 mm. in diam., tipped by 
persistent beak about 3.5 mm, long, triearpellary marlrings distinid ; beak 
densely covered with crisp, golden-brown pubescence. Perianth scales equi- 
lateraily triangular, one-sixth as long as body of aehene ; inarginal hairs 
rather scanty, about half as long as body of aehene. Stigmas linear, terete, 
light brown. (Pig. 2, 7), 6k) , 

'' ' Ve^e^‘’^1eijA---bolivar: Mt. Roraima, summit, Nov.' 26, 1927, G. II. ■IL 

(type) (NY). 

3. Everardia LONGiPOLiA Gilly, in Gleason & Killip, Brittonia 3: 153. 

1939. Aerial rhizome simple, about 4 mm. in diam., suiToiinded by the per- 
sistent, dark brown, fibrous-retieidated leaf-sheath^^ Leaves 1.5-4 din. long, 
4-6 mmy wide, stiffly ere^ green, glabrous, flattened for most of their 
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leiig'tb, not folded below, the upper one- third or less biearinate, inarg'iiis and 
midrib iniiiiitely scabrous. Flowering culms stiffly erect, somewhat flat- 
tened, two-edged but not winged, slightly scabrous on the edges, 2-4 mm. 
■wide, including the inflorescence 3.5-8 dm. high; basal sheath 2-3.5 cm. long. 
Inflorescence of 5 or more distant tufts of spikelets ; slieaths brown, strongly- 
\'eined, glabrous, distinctly flattened and two-edged, 10-15 mm. long, the 
leaf -like points twice the length of the sheaths. Staminate spikelets 7-11 
mm. long, 1.5-2. 5 mm. in diam. ; sterile glumes 5-7, brownish, oblong, 
obscurel\’ 2-toothed at the apex, 'the green midrib extended between the 
teeth into a muero 1.5-2. 5 mm. long, glabrous except for sparse short-pubes- 
cence oil upper margins and muero ; staminiferous glumes 4-5, lanceolate, 
acute to mucronate; stamens under each glume 6. Pistillate spikelets, wdiich 
would be in the upper part of the inflorescence, not present owing to the con- 
dition of the specimens. Achene, therefore, nnknowii. (Fig. 2, c.) 

A^enezitela— BOLIVAR : Mt. Auvan-tepui, 2200 m., Dee. 1937, G. H. H. Tate 
7.747 (type) (NY). 

4, Everardia glaucifolia Giliy, sii. nov. Rhizomata breviora, simplicia,. 

4- 6 mm. diam., vaginis persistentibns nigro-brunneis fibro-laeeratis tecta; 
folia ad 5 dm. longa, 12-14 mm. lata, erassa coriacea albo-glaiieescentia 
ereeta, niargiiie superiore reYoiuto ; culmi floriferi cnm infloresceiitia erecti, 
7. 5-9. 5 dm. alti; vagina ad basim 2-3 cm. longa; vSpiculae masciilae 3.5-4 
mm. longae, 1.5 mm. diam., gliiinis vacuis 6-7, ovatis vel ovato-laiiceolatis, 
ad apieem breviter nmcronatis nee bifldis, glabris, glumis fertilibus 4-5, 
ovatis vel late lanceolatis aeutis vel sub-triincatis ; spiculae foemineae 2.5- 
3.5 mm. longae, 1-1.5 mm. diam., glumis 5-7 ; aehaenia subteretia ovoidea 
glabra atro-briinnea, 2.5 mm. longa, 1.5 mm. cliam. ; rostro glabro tiuincato, 
corpus aeliaenii subaeqnante ; sqnamellae hypogynae siibrotundae, quam 
corpus aeliaenii 10-plo breviores, pilis quam lamina diiplo longioribus tortis ; 
stigmata atro-brunnea minute pubeseeiitia. 

Aerial rhizome very short, simple, 4-6 nun. in diam., surrounded by the 
persistent black-brown fibrous-ragged leaf -sheaths. Leaves about 5 dm. 
long, 12-14 mm. wide, thick, leathery, white-glaucous on both surfaces, 
stiffly erect, folded below, margins strongly revolute above, margins and 
mid-rib smooth, glabrous. Flowering culms stiffly erect, flattened, two- 
edged but not winged, glabrous or slightly roughened on the edges, inelnd- 
ing the inflorescence 7. 5-9. 5 dm. high; basal sheath 2-3 cm. long. Inflores- 
cence of 7-10 distant tufts of spikelets; sheaths of the iiifloreseence terete, 
minutely appressed-pubescent on the prominent veins, brown or purple, 

5- 20 mm. long, the leaf-like points as long as the sheaths. Staminate spike- 

lets 3.5-4 mm. long, 1.5 mm. in diam., numerous; sterile glumes 6-7, purple- 
brown, broadly ovate to ovate-lanceolate, short mucronate, not bifid at the 
apex, glabrous or nearly so; staminiferous glumes 4-5, ovate to broadly 
lauceolate, acute or sub-truiicate, brownish yvith narrow, erose hyaline mar- 
gins; stamens under each glume 6. Pistillate spikelets 2.5-3. 5 mm, long, 
1-1,5 mm. in diam. ; glumes 5-7, broadly ovate-lanceolate, short ihucrGiiate, 
brown-purple with iiarro'w erose hyaline margins. Achene sub terete, ovoid, 
glabrous, dark browm, about 2.5 mm. long, 1 mm. in diam., tipped by a per- 
sistent, glabrous, tnineated beak about as long as the body of the achene, 
the tricarp ellary markings scarcely distinct. Perianth scales subrotund, 
one-tenth as long as the body of the achene, marginal hairs about twuce as 
long as the scales, copious, twisted. Stigmas eapillary, terete, dark brown, 
minutely pubescent. (Fig. 2, d'.) 
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Yenezuela — TERR iTORio AMAZONAS : -Mt. Diiicla, rid^'e iiortiiwest of \’e.u‘a.s 
Brook, MOO ft., Jan. 1-4, 1929 , G. H. II. Tate 570 (type) (NY). 

5. Everardia revoluta G-illy, sp. nov. Ehizoinata siinpiiida, 5 mm. diam., 
ad 10 ciiL alta, ATiginis persisteutibus eoiifertis at]R)-})iir|)uiaM)-l)!Mini 
rigldis eoriaeeis iiee lareratis tecta; folia 1.5-3 dm. loiiy’a, ad 6-8 Jiim. lata 



Fig. 2:Ev€Tardia^ (liaMt sketelies i natural size; aelienes x 10). F. aw-Gi/sax/a N. ly 
Br.j a, habit, c/, aehene (drawn from Tate 4SS). B, gracilw Qilljy b, habit, aeheiie 
(drawn from F. Gilly; c, habit, (drawn from Tate 'm?}. B. gkucT 

folia QiJlj; d, hnhit, d% achene (drawn from Tate 
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ad ba.sim, eoriiieea g'labra, mai'gine giabro inf erne coinplaiiato supra 
medium valde reyoliita; enlmi floriferi laxe adscendentes Tel erecti, cum 
iiifloreseentia 2-3.5 dm. alti; Tagina ad basim 1 cm. longa; spieulae masculae 
4-5 mm. loiigae, 1 mm. diam. ; spieulae foemineae 3—3.5 mm. longae, 1 mm. 
diam., gliimis 5, laneeolatis mueroiiatis glabris; aebaenia teretia glabra pal- 
lide bruniiea, 2-3 mm. longa, 0.6-1 mm. diam., rostro gracili giabro, quam 
corpus acliaenii dimidio breviori; sqiiamellae liypogynae minutae orbicu- 
lar es, pills eopiosis tortis eiliatis; stigmata pallide brunnea. 

Aerial rhizome simx:)le, 5 mm. in diam., to at least 10 cm. high, sur- 
rounded by persistent, crowded, dark purple-brown, firm and coriaceous 
leaf-sheaths. Leaves 1.5-3 dm. long, about 6-8 mm. wide at the base, 
gradually tapering to the apex, leathery, flattened below, entirely glabrous, 
the margins smooth, entire, strongly revolute above the middle, the leaf 
appearing hollow-terete in cross-section. Flowering culms laxly ascending 
to erect, flattened, two-edged but not winged, 1.5-2 mm. wide, glabrous, 
including the inflorescence 2-3.5 dm. high ; basal sheath about 1 cm. long, 
entirely hidden by the leaf-sheaths. Inflorescence of 5-8 tufts of spikelets ,* 
sheaths brown, glabrous, 5-20 mm. long, the leaf-like points slightly shorter 
tlian tlie sheaths. Staminate spikelets 4-5 mm. long, 1 mm. in diam., sterile 
glumes 4, lanceolate, mucronate, glabrous, light brown; staminiferous 
glumes 4-6, oblong, from acute to obtuse, margins minutely ciliate; stamens 
under each glume 6. Pistillate spikelets 3-3.5 mm. long, 1 mm. in diam. ; 
glumes 5, lanceolate, mucronate, the midribs prominent, glabrous. Achenes 
terete, glabrous, light brown, tapering to both ends, 2-3 mm. long, 0.7-1 
mm. in diam., tipped by the slender glabrous beak half as long as the body 
of the aeliene, the triearpellary markings distinct. Perianth scales, minute, 
orbicular, the marginal hairs two-thirds as long as the body of the aehene, 
copious, twisted. Stigmas linear, terete, long-exserted, light brown. (Pig. 
3,c,cb) 

Venezuela — territorio amazonas: Mount Diiida, crest of ridge 25, 6300 
ft., Nov. 26— Dec. 16, 1929, G. H. H. Tate 469 (type) (NY) ; Gorge of the 
Cano Negro, Savanna Hills, 4000 ft., 1928-1929, G. E. E, Tate 816 (NY) . 

In addition to emending the generic description, and for much the same 
rea soils, it has seemed necessary to emend the following species: 

6. Everardia MONTANA Ridley, in im Thurn, Timehri 5: 210. 1886. 
Aerial rhizome simple, about 1 cm. in diam., surrounded by the persistent, 
dark brown, reticulate-fibrous leaf-sheaths. Leaves 1.5-1. 8 dm. long, 10-15 
mm. wide at base, tapering gradually to tlie apex, folded below, margins 
sliglitly revolute above, leathery, glabrous except for the shortly white-eiliate 
margins. Flowering culms laxly ascending or suh-erect, flattened, more or 
less coiuanu^ on one side, slightly winged, the wings minutely ciliate, 2-3 mm. 
M'ide, ineluding the inflorescence 2-2.5 dm. high; basal sheath 3-3,5 cm, long. 
Infloreseence of 7-8 tufts of spikelets; sheaths of the inflorescence dark 
brown, somewhat compressed, from minutely puhescent to glabrate, 5-20 mm. 
long, the leaf -like points slightly shorter than the sheaths. Staminate spike- 
lets 5;-? mm. long, about 2 mm. in diam. ; sterile glumes 3-4, brown, strougty 
veined, ovate-lanceolate, glabrous, shoTt-mueronate, sometimes minutely bifid 
at the apices ; staminiferous glumes 5-7, lanceolate, acute or truncate, some- 
times minutely mucronulate, the margins niiiiutely ciliate* stamens under 
each glunie 6. Pistillate spikelets 4-5 m long; 1-1,5 mm. in diam. ; 
glumes 5-6, lanceolate, purple-brown, from acute to more or less mncronate. 
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Fig. 3. Everardia (habit sketches natural size; achenes x 10). E, revolufa Gilly; e, 
liabit) e'j aeheiie (drawn from Taie 469) , E. monfana Ridley; /, habit, /*', acheiie (drawn 
from Tale 4d8). E. duidae Gillr; g, liabit^ g', acheiie (drawn from Tate (lod), 

Aeliene ovoid, dark browH, tlie tricarpel iary marking's faint, 2-8 nim. long, 
1-2 mill, in diam., glabrous, tipped by a slender, glabrous, liglit brown beak 
lialf again as long as the body of the acbeiie. Perianth scales very niiiuite, 
orbicular or truncate; marginal cilia copious, appearing as a liypogynous 
ring of liairs, twisted, as long as or longer than the body of the aeliene. 
Stigmas 3, linear, from snb-terete to terete, somewhat inflated at their juinv 
tion with the style proper, dark purple-brown, minutely pnbes(-ent. (Pig. 
" . ■ ■ ■' , 

Venezuela — ^bolivar: Mt. Koraima, the Ledge, Dec., 1884, E. F. nn 
Thurn S35 (type) (K) ; summit, 8600 ft., autumn 1898, McGonneU <1; 
Quelch 674 (K) ; 2500 im, Dec., 1909, E. Vie 8543. (K) ; summit, Nov. 27, 
im.G,E.E,Ta4ei38{WI). 

7. Everardia duidae Gilly, sp. nov. Rhizomata simplicia, 2-4 inni, diam., 
ad 10 cm; alta, vaginis iiigro-biTumeis lacerato-fibratis tecta; folia 1-1.4 (Iiil 
loiiga, ad basim 5-8 mm. lata, infra glabra, supra granulato-asperata, mar- 
gine arguto scabro ; eiilmi floriferi laxe adscendentes, cum inflorescentibus 
ad 1.6 dm. alti ; vagina ad basim 1.5-2 em. longa ; vaginae iiifloreseentiae ini- 
iiute eano-piibescentes ; spieiilae maseulae ad 4 mm. loiigae, 1-1.5 mm. diam., 
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giuniis Yaciiis 4r-6, ovatis vel laiieeolatis mueroiiatis supra mecliiini miniite- 
pubeseentibus, giuniis staminibiis 5-8, laiiceolatis aeutis giabris; spieiilae 
foemiiieae 3 inm. longae, 1-1,5 mm. diam., giumis 5-6; acliaeiiia glabra 
atro-briiiinea, 1.2-1. 7 imii. loiiga, 0,5 mm. diaiii. ; rostro giabro truneato, 
eorpiis aebaeiiii subaequaiite ; squameilae liypogynae niiniitae orbiculares, 
ciliis paueis, qiiam eorpore aeliaeuii dimidio brevioribiis. 

Aerial liiizome simple, 2-4 mm. in diam., to at least 10 cm. tall, sur- 
rounded by blackish, ragged-fibrous leaf-sheaths. Leaves 1-1.4 din. long, 
5-8 mill, vide at the base, tapering gradually to the apex, glabrous on the 
under surface, granular-roughened above, flat for most of their length, 
slightly bicarinate at apex, margins sharp-scabrous, almost saw-edged. 
Flowering culms laxly ascending, flattened, densely appressed-pubeseent, 
about 0.5 mm. wide, including inflorescence about 1.5 dm. high ; basal 
sheath 1.5-2 cm. long. Inflorescence of 5-6 tufts of spikelets; sheaths of 
the infloreseenee dark-brown, minutely hoary-pubescent, 4-10 min. long, 
the leaf-like points as long as the sheaths. Staminate spikelets about 4 mm. 
long, 1-1.5 mm. in diam. ; sterile glumes 4-6, from ovate to broadly lanceo- 
late, mueronate, minutely pubescent above the middle ; staininiferous glumes 
5-8, lanceolate, acute, glabrous; stamens under each glume 4-8. Pistillate 
spikelets 3 mm. long, 1-1.5 mm. in diam., the glumes 5-6, ovate to lanceo- 
late, mueronate, minutely pubescent to glabrate. Acliene 1.2-1. 7 mm. long, 

0. 5. mm. in diam., glabrous, dark brown, tapering into a blunt-truncated 
beak about as long as the body of the aehene; beak glabrous, or sometimes 
minutely puberulent at the apex. Tricarpellary markings faint. Perianth 
scales minute, orbicular ; marginal hairs few, about one-half as long as the 
body of the acheiie, straight or somewhat twisted. Stigmas linear, dark 
brown. (Pig. 3, p, g\) 

Venezuela — territorio amazonas : Mt. Duida, summit of peak 7, 7100 
ft., 1928-1929, Q. E. E. Tate 638 (type) (NIT). 

The New York Botanical Garden, 

New York, New York 
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STUDIES ON AMERICAN HEPATICAE— I. REVISION OF THE 

GENUS THYSANANTHUS 


Margaret Fiilford 
(with fifty-one figures) 

Tliree species of Thysaiumthus^ a genus of the subgroup H()losti])ae of 
the Lejexiiieae, liaA^e been reported from the Americas and a fourth is here 
proposed as new. Spruce'^ has described several species under Lejeunea, 
subgenus YIII, Thysano-Lejeim^^ namely L, amaz(ynica from tlie Amazon 
country, L. dissoptera from Guiana, and A. pterohryoides from Ecuador. In 
addition to these, Nees von Bsenbeck- described a plant from Jamaica as 
Pliragmiwoma LeJ^ himiniaria, which Stephani later transferred to Thysanan- 
Verdoorn'^ suggested that this plant was a Caudyilejcunea. An examina- 
tion of a portion of the type material shows tliat it is identical with. Gaudalc- 
jeunea Lehynamiiana (Gottsche) Evans*^ and it should tlierefore be redueed 
to s>"iionymy. Taylor"' described plants collected in Ecuador by Professoi’ W. 
Jameson under the name T/? mexicanus. His plants do not have 

the characteristics of the genus Thymnanthus as it lias been delimited by 
recent monographers so that the species is a member of some otlier genus of 
the Lejemieae. 

The genus'* as understood by Evans/ Verdoornf^ and ot hers may be char- 
acterized as follows ; the female inflorescence is terminal on the main stem or 
principal braneli, witli innovations proceeding from one or both, sides below; 
tlie periantli is 3-aiigled in transverse section, with the v^eiitiad keel sliarp 
and distinct; there are no secondary folds or ridges; carinal and surface 
wings are developed in some species; the female bracts and braid.eoles, and 
the keels of the perianth are toothed to a greater or lesser degree; and tlie 
leav^es and iinderleaves usually show some indications of teeth along the mar- 
gins, partieularly in the apical region. 

The plants are large and grow in depressed mats or among other Inyo- 
pliytes on the trunks and bases of trees and over logs. Tlie stem is robust and 

1 Hepatlcae of the Amazon and Andes. Trans. Bot. Soc. (Edinburgh) 15: lOS-'llO. 
1884. 

2 lix Grottsehe, Lindenberg & Nees von Esenbeck, Syii. Hep. 302. 1845. 

2 Die Prullaniaeeis XV. Die, Lejeuneaeeae Holostipae der Indomalaya unter Be- 
rue-ksiehtigung samtlicher aiis Asieii, Austvalien, Neu-seeland inid Ozefuiien angefiilvrten 
Arten. XIII. Ann. Bryol. Siipl. 4: 163-188. 1934. 

4 Hepatieae of Puerto Rico VIII. Caitdalejeimea. Bull. Torrey Club 34: 554-557. 
111. 33. fig. 1-12. (1907.) 1908. 

5 On some new Musei collected by Professor W. Jameson on Pichintdux. Hooker’s 
Jour. Bot. 7: 187-199. 1848. 

For synonymy in the genus Hi zos* see Verdoorn/ l. c. 

7 iPepaticae of Puerto Rico VIII. BymMe^idium, Marchemikif Madiyolejeunea, 
Oaudalejeuneu and Bryopterifi, Bull. Torrey Club 34: 533-568. pL :rH33. (1907.) 1908. 
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is diiferentiatecl into a prostrate primary eaudex which is appressed to the 
substratum, and ascending- or upright secondary stems which are usually 
abundantly braiicbed. The branches are olive or dark green and often become 
deeply pigmented with brown. 

E^unis^ describes the secondary stem of T. aniazonicus as being 3-8 cm. 
in length and about 0.15 mm. in diameter. The transverse section shows a 
uniform orange-brown pigmentation except for the slightly darker middle 
lamedae. The cortex is made up of 30-33 rows of thick- walled cells ranging 
from 10 to 20 g in width, and from 10 to 15 g in thickness. The cells of the 
medulla are quite similar, except that the.p have distinctly larger cell-cavi- 
ties, so tliat the medulla appears somewdiat more open than the cortex. 

The branching of the siibfloral innovations, other vegetative branches, 
and the male branches seem always to be of the Radula type.-^ 

The lobule is small in proportion to the lobe. The keel is rounded and the 
upper edge, which is entire, tends to be tightly appressed to the lobe, so that 
a definite, infiated water-sac is usually formed. The apical tooth is from one 
to seven cells long and may be curved. 

Although the genus, as indicated by the stem structure, is clearly a 
member of the Holostipae, wliieh are characterized by entire underleaves, 
several species have retiise or distinctly bifid underleaves. Three of the Amer- 
ican species show this charaeteristie. The additional generic eharacteristies 
are discussed under the descriptions of the separate species. 

The writer wishes to ackiiowdedge the helpful criticism of Dr. A. W. 
Evans of Yale University, and the courtesies extended b,y the Newt York 
Botanical Garden during the preparation of this paper. 

The followdng abbreviations have been used to designate the location of 
specimens in tlie citations under the individual species : M, Missouri Botan- 
ical Garden; NY, NeAC York Botanical Garden; and Y, Herbarium of Yale 
University, including the private collection of Dr. A. W. Evans. 


KEY TO THE SPECIES 

1. XJiiderleaves oljovate, rarely truncate, the apical margin serrate 4. T. comosns 

1. ITjulerleaves sulxpiadrate-cuneate, from retuse to deeply bifid. 

2. Lobule oblong, tlie tooth if present of only one or a few cells; 

leaf cells elliptical-aiigular in outline ; 3. T. ama:^onicus 


2. Lobule more or less suljquadrate, the tooth long, curved, of 5--7 
cells; leaf cells quadrate in outline; underleaves distinctly 
bifid. 

3. Margins of tbe leaves and underleaves dentate with coarse 

teeth 2. T. ptero'bryoides 

3. Margins of the leaves and underleaves from obscurely den- 
tate to denticulate 1. T.Evansn 


8 Anatomy of the stem in the Lejeiuieae. Bull. Torrey Club 62: 187-214; '259-280. 
8 fig. 1935.' 

For a description of the various types of branching see Evans, Branching in the 
Leafy Hepatieae. Ann. Bot. 26: 1-37. ^6 1912. . 
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Thysananthus Evansii Fulford, sp. iiov. Caiiles robiisti, olivaeei, piuiiate 
1 ‘ainosi, feminiiii dieliotoini; folia iinbrieata, divarica-ta, ovata, 1-1.3 inin. 
loiigaL siiperiie obscure serrata, cellalis 8-10 p diaiii., lobiilo ])arv(), dente 
apicali ; foliola imbricata, siibquadrato-euneata, bifida; flores dioici ; 

braeteae feioiiiiuae foliosae, lobulis inagiiis, plan is, ovatis, bracdeola ma^ua, 
ovata, carinata, erasse deutata. 

Plants robust, oiive-gTeen, becoming’ darker g'reeM in tlie older ])ortioiis : 
secondary stems stout, to 4 cm. or more in leng'tli, with leaves to 2 imn. broad, 
ascending*, irregularly pinnate, the branches obliquely spreading, the female 
braneli system sliovlng ajiparently regular dichotomy : leaf insertion curved 
in tlie upper part ; the leaves imbricated, spreading, becoming a little deflexed 
when dry, uns^mimetrically ovate, 1-1.3 mm. long, 0.5 mm. broad at the base, 
obscurely serrate above the middle, the dorsal base cordate, the ventral mar- 
gin straight; the lobule small, inflated, ovate, 0.12 mm. long, 0.1 mm. high, 
tlie free margin entire, appressed, the apical region of the lobe 8-10 q in 
diameter, cells of the base nineh longer, a vitta not differentiated, the cell 
walls uniformly thiekened, the cell liimina rounded, trigones not eA'ideiit, the 



Pigs. 1—12. T. EvansU Piilford. Pig. 1. Diagram of the branehing pattcni of a, 
female plant. PiG, 2. Portion of a. plant, ventral view, x 15. Pig. 3. Portion of a leaf and 
stem, dorsal view, x 30. Pig. 4. A leaf, x30. Pig, 5. A cell from, the apical portion of a. 
leaf, x400. Pig. 6. Outline of the apical margin of a leaf, x300. Pig. 7. Lohtiles, one of 
them lias developed two apical teeth, x 90. Pig. 8. Apical teeth of lobules, x 400. Pig, 9. 
XTnderleaves, X 30. Pig. 10. Outline of the apical margin of a tootli of an imderleaf, x 300, 
Pig. 11. Pemale bract, x 30. Pig. 12. Female braeteole, x 30. Drawn from the type material. 
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cuticle smootii to faintly verruculose : iiiideiieaves imbricated, attaeiied in a 
straig'lit line, siibquadrate-cuineate, 0.7 mm. long, 0.5-0. 6 mm. broad in the 
upper part, refuse or bifid to one-fifth the length, the broad and pointed divi- 
sions and the obtuse to lunulate sinus serrate, the lateral margins convex, 
entire, the cells as in the leaf : dioicoiis : female branches short, on the main 
stem or branches, ahvays subtended by two subfloral innovations, a pair of 
leaims beloiv the in\a)luere intermediate in form between the bracts and the 
hormal leaves ; the bracts leaf-like in outline, 1 mm. or more long, the mar- 
gins often more strongly serrate than in the leaf, the lobule ovate, much en- 
larged, plane, mostly 0.7 mm. long, the apical tooth not evident; the brac- 
teoles broadly ovate, 1.3 mm. or more long, the margin coarsely dentate, the 
apex obscurely bifid, keeled nearly to the apex, the angle broad: male 
branches, perianths and sporophytes not seen. 

Habitat : On bark of trees, lowland forests. 

Distribution : British Honduras : Punta Gorda, without eolleetor’s name, 

TYPE (M). 

The distinguishing characteristics of the species are its olive-green color 
and dichotomously branched female stems; the long, curved tooth of the 
lobule of the leaf ; the bifid underleaves serrate above the middle ; and the 
long, keeled, more or less bifid, dentate, female bracteoles. See figures 1-12. 

Thysananthus pterobryoides (Spruce) Stephani, Spec. Hep. 4: 786. 
1912. Lejeunea {Thysano-Lejeim pterobryoides Spruce, Trans. <& Proc. 
Bot. Soc. iSdinb. 15: 109. 1884. Bryopteris WaUisii Stephani, Hedwigia 24: 
89. pi. ly fi>q. 1-8. 1885. Thy sa note jeunea pterobryoides Stephani (syn.), 
Spec. Hep. 4: 786. 1912. 

Plants olive green, becoming darker green in the older portions : sec- 
ondary ‘Stems to 8 cm. or more in length, with leaves 2 mm. broad, ascend- 
ing, more or less regularly and simply pinnate when sterile, inflorescences 
produced on primary branches of pinnate branch systems; leaf insertion 
curved in the upper part; the leaves imbricated, spreading, becoming a little 
defiexed wlien dry, 1-1.3 mm. long, 0.4— 0.6 mm. broad at the base, unsym- 
metrically ovate, coai'sely dentate above the middle, the dorsal base cordate, 
extending across the stem and beyond, the ventral margin more or less re- 
curved, entire, the lobule inflated, ovate, 0.7-0.12 mm. long, 1. 8-0.1 mm. high, 
tlie free margin ax) pressed, entire, the apical tooth five to seven cells long, 
curved, the sinus deep, lumulate; the cells of the lobe averaging 8-10 p in 
diameter, tliose of the basal area longer, a vitta not differentiated, the cell 
walls uniformly thickened, the ceil lumina rounded, trigones not evident: 
underleaves imbricated, attached in a straight line, coarsely dentate, siib- 
quadrate-eiineate, 0.'56™0.7 mm. long, 0.5-0.63 mm. broad in the iipi^er x^art, 
bifid to one-fourth the length, the sinus lunulate, the teeth broad, acute, the 
cells as in the leaf : dioieous: female branches short, always with two sub- 
floral innovations, a x) air of leaves below the involucre intermediate in form 
between the bracts and normal leaves ; bracts leaf -like in outline, to 1.3 mm. 
or more long, the lobule lanceolate, plane, more than half the length of the 
lobe, the apical tooth not evident, the lobe and lobule coarsely dentate above 
the middle ; the bracteole oblong, to 1.5 mm. in length, bifid and cmarsely 
toothed above tlie middle as in the underleaf, keeled nearly to the ax)ex, the 
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aiigie aeiite : periantli to 2.5 iiim. loiiii*, the keels sliarp, ci'eiiiilate, ()C(Nisiorially 
serrate, the beak sliort : male branches and sporopliytes not seen. 

Habitat : On l)a,rk of trees in forests. 

Bistribution : Costa Rica: San Jose, Leliinann, cited by Stepliani.'" Fan- 
Ai\iA: Island of Coiba, Sceniaiui (Y, NY). Colombia: Cordoba, Killip 11776, 
11801 (Y, NY) without locality, Wallace (NY). Ecuador: Pa.staza, River, 
Spruce 1886, 109: Manabi, Wallis^ cited by Steiihani, (1885,' 89), ty!"E of 
Bryop teris Wallis ii. 

The distinguisbinp: characteristics of the species are its olive-green color, 
the simply and regularly pinnate branching, the long apical tootli of tlie 



teru of a sterile stem. Pig. 14. Diagram of the branching pattern of a, female stem. Pig. 
115. Portion of a plant, rentral view, x 15, Pig. 16. A leaf, x 30. Pig. 17. Outline of the 
apical margin of a leaf, x 300. PiG. 18. A cell from the apical portion of a leaf, x 400. 
Pig. 19. Cells from the basal xmrtion of a leaf, x 300. P’lG. 20. A lobule, x 90. PiG. 21. An 
apical tooth of a lobule, x400. Pig. 22. Unclerleaves, x 30. Pig. 23. Outline of the apical 
margin of a tooth of an unclerleaf, x 300. Pig. 24. Pemale bract, x30. Pig. 25. Pemale 
bracteole, x 30. Pig. 26, Upper poi'tion of a jierianth, dorsal view, x 30. Pig. 27. lTx>per 
portion of a perianth, ventral view, x 30. Drawn from material collected hj Dr. Killip in 
Colombia. ' ■, 

nmn Chyptogamae Gentrali-Amerieanae. Hepatieae. 'Bull Herb. Boiss. 2.*" 402-403. 


1894. 
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lobule of the leaf, the bifid iinderleaves, and tlie coarsely dentate margins of 
tlie leaves and iinderleaves. See figures 13-27. 

T. pterobry aides and T, EvmisH bave many eliaraeters in coinmoii, namely 
tlie color and size of tlie plants, the size of the leaves and iinderleaves, tlie 
size and sliape of tlie leaf cells, the lobules of the leaves, and the iirodiictioii 
of pail's of sulifloral innovations subtending the female inflorescences. They 
differ in that in T. pterobry aides the secondary stems are often very long, 
the branching is simply and regularly pinnate, and the female inflorescences 
are produced on primary branches of a pinnate branch system, while in T. 
Evans a the branches are less regularly pinnate and not so long, and the 
female plants always show an apparently regular dichotoniy. (Compare figs. 
13, 14 Avith fig. 1.) 

The margins of the leaves and iinderleaves, and the female bracts and 
bracteoles of the two are strikingly different. (Compare figs. 15, 16, 17, 22-25 
AAdth figs. 2, 4, 6, 9, 10-12.) The shaxie of the female bracts is quite similar in 
tlie two s|)ecies, but the bracteoles of T. Evansii are broadly ovate and the 
angle of tlie keel is broad, ivhile in T. pterohryoides the bracteoles are oblong 
and the angle of the keel is acute. Unfortunately no jierianths have been 
found in T. Eva^isii, so that a comparison of this striietiire in the two species 
cannot be made at this time. 

Not only do T. pterobry aides and T. Evansii have many characteristics 
in common but they also make up a unit ivithin the genus which is different 
not only from the other South American forms but also from any of the 
Asiatic species with ivliich I am familiar. All the other sjAecies have a deep 
broAvn pigmentation and hai’-e large leaf cells which are more or less elongate 
and hexagonal or angular-elliptical in outline, ivith eonspienous trigones, 
and often additional intermediate thickenings. 

Thysananthus AMAzoNicus (Spriice) ^SteI)hani, Spec. Hep. 4: 784. 1912. 
Lejeunea (Thysanodjejeoim^ amaa'ORmR- Spruce, Trans. Bot. Soe. Edinb. 
15: 106. 1884. Thysanalejciinea aniazonica Stephaiii (syii.) l.c. 

Plants dark greenish brown, becoming \^ery dark brown in the older xior- 
tions; secondary stems coarse, 6 cm. or more in length, with leav^es to 3 mm. 
broad, irregularly xAinnate, the branches oblique, often branehed, female 
brauclies ivith only one siibfloral innoimtion : leaf insertion curved in the 
upper parts; the leaves imbricated, spreading, tightly appressed to the stem 
when dry, averaging 1.4-1. 6 mm. long, 0.8 mm. broad at the base, iinsym- 
metrically ovate, entire except for an occasional serration, the dorsal base 
cordate, covering the stem and extending beyond, the ventral margin entire, 
recurved; the lobule small, inflated, oblong in outline, 0.3-0.42 mm. long, 0.15 
mm high, the free margin entire, appressed, the apical tooth sometimes evi- 
dent, of one or two cells, the slime papilla not seen, the sinus shallow, lunulate ; 
cells of the marginal and apical region and of the lobule 16-20 p x 8 q, those 
of the base longer, a vitta not differentiated, the cell wnlls thin, the trigones 
conspicuous, Avith convex sides, soon becoming confinent through the deposi- 
tion of secondary material, intermediate thickening frequent, the cell lamina 
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aiig'iilar-oblong' in oiitiiiie, the entiele smooth to YeriTieniose : iMiderj ea ves iiii- 
brieated, attaehed in a straij>:ht line, eiineate, retnse to shoi-tly bifid, a;vei*- 
aj^’ing 0.77 111111. long*, 0.7 mm. broad in the upper jiart, tlie teeth very short 
and bi’oad, the sinus slialloAv, lunnlate, tlie margins entii*e, siimetimes ol)- 
sen rely sei*rate on iinderleaves near the tip of the stem, tlie cells as in the 
leaf: aiitoieoiis: male iofloreseenees terminal on short lateral brambles, the 
bracts in two to four pairs, at tlie ti}i of a branelp imbriwited, tlie lobe liroadli^ 
ovate, tlie lobule ovate, smaller, the a])ieal tooth eonspie.uons, the margins 
spci-rsely dentate; the braeteoles imbricated, similar to tlie iinderleaves; an- 
tlieridia. in pairs : female branches short, occurring singly oi* several approxvi- 



PiGS. 28-40. T. mnasonieiis (Spruce) Stepli. Fig. 28. Diagram of braiieliiiig patttini 
of a stem. Fig, 29. .Portion of a plant, ventral view, x 15. Fig. 30. Portion of the apical 
margin of a leaf, x 30, Fig. 31. A cell from the apical portion of a leaf, x400. Fig. 32. 
Cells from the basal portion of a leaf, x 300. Fig. 33. Lobule, x 90. Fig. 34. Lobules, x 30. 
Fig. 35. ITnderleaves, x 15. Fig. 36. Female bract, x 15. Fig. 37. Female bra'cteole, x 15. 
Fig. 38. Outline of a cross section of the perianth, FiG. 39. Upper portion of a perianth, 
dorsal view, X 30. Fig. 40. Upper portion of a perianth, ventral view, x 30. Dicawii from 
type;' material.', ■ 
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mate, appearing* lateral, a subfioral innovation from only one side, the bracts 
similar in outline to the leaves, averaging* 2 mm. long*, the lobule oblong, 
ovate, plane, 0.8 mm. long, the margins of both coarsely toothed in the upper 
part ; the bracteole oblong, bifid, 1.6 mm. or more in length, averaging 0.9 
mm. broad in the upper part, the teeth broad, acute, the sinus acute, the 
margins of the teeth serrate and coarsely dentate; perianth to 2 mm. long, 
the beak sliort, the keels serrate and dentate with scattered teeth: sporophyte 
not seen. 

Habitat : On bark of trees in forests. 

Distribution: Trinidad: Mora Forest, E. G. Britton 2878 (Y, NY) ; wuth- 
out locality, Fendler (NY). Colombia : Without locality, Wier (NY) . : 

Para, Spriiee, Hepat. Sprue., type (Y, NY). British Guiana: near Bartica, 
Richards 188, 510 (Y). 

The distinguishing eharaeteristics of the species are the large, coarse, 
irregularly branched, dark greenish brown stems; the large, ovate, entire 
lea,ves Avith oblong lobules Avhich have a 1-3-eelled apical tooth; the long- 
angular cell liimina, large trigones and intermediate thickenings; and the 
large cuneate underleaves Avhich are retuse or someAvhat bifid at the apices. 
See figures 28-40. 

T. aiiiiazonicus is readily distinguished from the preceding species because 
of its autoicous inflorescence, the deep broAvn pigmentation, the entire mar- 
gins of the leaves and underleaves, the short apical tooth of the lobule, and 
the angular-oblong outline of the leaf cells. 

Thysananthtjs comosus Liiidenberg, in Lehmann Pug. PL 8 : 25. 1844, 
Lejeunm Mitten, Jour. Linn. Soc. Bot. 5: 109. 1861. Lejeunea (Thy- 

sano-Lejewnea) comosa> Spruce, Trans. Bot. Soc. Bdinb. 15: 108. 1884. Thy- 
samanthiis dissoptcrus Stephani, Spec. Hep. 4 : 784. 1912. Thysanolejeiinea. 
dissoptera Stephani (syn.) l.e. 

plants dark greenish broAAUi, becoming very dark broAvn in the older por- 
tions; stems coarse, 5 cm. or more in length, Avith leaves to 2.5 mm. broad, 
irregularly pinnate or bipinnate, microphyllous branches frequent, female 
braiUAlies Avith only one subfloral innovation: leaf insertion curved in the 
upper part; the leaves imbricated, spreading, ascending and appressed to 
tlie stem when dry, averaging 1.4 mm. long, 0.85 mm. broad at the base, iin- 
syinnietrically ovate, entire except for an occasional serration, the dorsal base 
cordate, ('OAunring the stem and extending beyond, the ventral margin entire, 
recurved: the lobule small, inflated, OAmte in outline, 0. 3-0.4 mm. long, 0.2 
mm. higli, the free margin entire, appressed, the apical tooth one to several 
cells long, the inner (proximal) tooth sometimes eAddeiit, of one or tAvo cells, 
the sinus very shalloAV; cells of the lobule and the margin and apical regions 
averaging 20 p long, 12 p AAude, those of the base longer, a vitta not differen- 
tiated, the cell Avails thin, the trigone conspicuous, AAuth convex sides, often 
becoming coalesced, intermediate thickenings frequent, the cell lumina an- 
gular-oblong in outline, the cuticle smooth or faintly Amrruculose: nnder- 
leaAms imbricated, attached in a straight line, obovate to cuneate, averaging 
0.7 mm. long, 0.7 mm. broad in the upper part, the margin serrate, the cells 
as in the leaf : autoieeous ( ?) or dioicous : female branches short, oceurring 
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siiig'ly, witli one subfloral innoTatioii, tlrus appeariii.u* lateral, tlie bjvu'ts simi- 
lar ill outline to the leaves, a;vera< 4 ‘inii‘ 1.3 inin. loni>‘, tlie ventral mai'yin den- 
tate, the lobule lai’jre, 0.85 nun. lon^, plane, more or less obovate, obscairely 
bifid, tlie iiiarj^-ins dentate; the braeteole cuneate, similar to the rindei’leaf, 
().9“1.2 iiiiii. tony, the iiiari^ins serrate and coarsely dentate: the pei-ianth 
mostly 1.5 nini. loii<^\ tlie beak short, the keels densely set with. iar,u‘e isTea'ii- 
larly tooth laeiniae, the dorsal face smooth, tlie ventral faces eaclt with one 
or more groups (in one or two rows) of laeiniae simihir to those of tlie ketds : 
male branches and sporopliytes not seen. 

Habitat : On bark of trees in forests. 

Distribution: Guiana : Hb. Hooker, (Y, NY). Brazil: Tan an, Spruce 
(NY). Also in the Indo-Malayan Region. 

The distinguishing characteristics of the species are its robust lialiil, dark 
color, the nearly entire leaves, and small lobules witli a short apicad tooth; 
the long-angular cell Ininina and conspii^uous trigones; tlie obovate under- 
leaves serrate along the upper margins; and the laciniate Avings of the ])eri- 
anth. See figures 41-51. 

T. mndcoiiieiis and T. comosiis are very similar in many respects, nanuiy, 
size of plant, grow'th habit, and, in a general waiy, the sliape of tlie leal' and of 
the leaf cells. Tlie underleaves of T. eoniosns, wlien w’ell develojied, ai*e 
oboAaite witli a serrate margin (figs. 43, 48), wiiile in T. amazoincui^ (figs. 29, 
35), altliongh they are more or less obovate, the apical region is distinctly 
retuse or more or less 2- toothed. The apical margin is sei*rate to a, gi*eatei:* or 
lesser degree. 

An additional striking distinction is to be found in the parts of the female 
involucres of the two species. The bracts of T. aniazonicus are dentate at the 
apices, and the lobules are long, narrowv and conspiiuiously bifid Avith tlie 
margins oecasionally toothed in tlie upper part (fig. 36), Avliile tliose oi' T. 
comosHs are dentate along tlie ventral margins, and the lobules are long, 
o va te, obscurely bifid, with tlie margins coarsely dro it ate to the Inise ( fig. 
49). The bracteoles of T. ama?:onivm are oblong, bifid, and coarsely (hmt.ate 
in the upper part, Avliile those of T. (umiosics are cuneate, and from seimate 
to dentate throughout. (Compare figs. 37 and 50.) Tlie laiuniate wings on 
the keels of the ])erianths of T. cohiosh^h Avill irnmed lately distingiiisli that 
species from T. aniazonkus, in Avhich the periantli kei^ls are ouIa^ sparingly 
dentate (figs. 39-40, 51); 

Tlie leaves and uiiderleaTes in the vicinity of tlie female brauches and 
sometimes at tlie tips of the stems are usually more strongly toothed than 
elseAvhere on the plant. When toothed leaves occur in the region of the 
female branches they are intermediate in form betAveen ordiiiar>’' learuvs and 
the bracts aiid bracteoles. 

All the South Ameriean niateiual examined Avas dioicons. Spruce de- 
scribes the South American material (under Thysano-Lejeunea dhsoptera) 
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Figs. 41.~o1. T, cosmos Lindenb. Fig. 41. Diagram of branelmig pattern of a sterile 
stem. Pig. 42. Diagram of braneliing pattern of a female plant. Fig. 43. Portion of a 
phnit, ventral vievv^ x 15. Fig. 44. A leaf, x 30. Fig. 45. A cell from the apical portion 
of a leaf, x 400. Fig. 46. Cells from the basal portion of a leaf, x 300. Fig. 47. Lobule, 
X 30. Fig. 48. ITnderleaf , x 30. Fig. 49. Female bract, x 15. Fig. 50. Female braeteole, x 30. 
Fig. 51. Ventral faces of a perianth, x 30. Drawn from the original collection from Guiana. 

as “(lioioa \ Stephani^^ describes both T. dhmpfenis and T. coniosus 
as ‘^dioicoiis, ” while Verdoorii’s description^ “ states that the species is 
usual It luonoieoiis. The portion of the type material from Panlo-Penang 
wliicli I examined had many well developed periantlis hut I could find no 
male branches. 

There lias been some difference of opinion as to whether the South Amer- 
ican plants were actually T. coniosus., a species widespread in Indo-Malaya. 
Lindenberg in the original description cited plants in Paulo Penang, nbi 
legit cel. Wallieh/' also ^ 'in Guiana lectam aeeepi ab illnstr. Hooker.'! 
Spruce^''* considered this interpretation to be incorrect and separated the 

■ Spec. Hep. 4: 784, 787., 1912. . 

12 Terdoorn, op. cit. p. 176. 

Trans. Bot. Soe. Edinb. 15: 107-109.1885, 
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South American plants froin the ‘^;'omposite species/' T. coniOHm, and 
called tlie Soiitli American plants Lejcuiiea {Thifsim^o-Lejeunca) dissfiptera. 
He also described tlie material from Paulo Penanj^', retain tor it the spe- 
cific epithet coniosKs, On the other hand, Mitteid^ considertMl the two to be 
identical. Stephanrs comments concernini*' tlie Oi liana material ar(‘ 
obscure, for he says (discussing* T. coniosus), that only Nos. 85 and 8{> rip)- 
resent the true species, moreover the American No. 84 is N'erv' similai*. Ver- 
doorn^^^ has followed Lindenberg in. considering the South Americain and 
the Asiatic material identical. In my observations of a ])ortion of the type 
material from both Guiana and Paulo-Penang in the Mitten collection I 
liave not been able to discover any variations of sufficient degree and uni- 
formity by which the two could be separated. The two seem to lie identical. 
Except for the original material from Guiana, I liave seen only oiie other 
collection fi*om South America, one made by S|)rrun^ at Tan a n, .I>i*azi L 
Spruce makes no mention of this collection in his “Hepaticae of the Amazon 
and Andes.” 

J3EPARTMENT OP BOTANY, 

University op Cincinnati. 


Hepaticae Indiae Orientalis. Jouv. Linn. Soc. Hot. 5: 89-1^8. 

15 Die Gattmig Lejevnea iiu Ilerbariuin Lindenberg'. Hedwigia 29: 1--28, 1890. 
IB Verdoorn, op. cit. 175. 
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(with se\^n figures) 

Puccinia makenensis Cummins, sp. nov. (Fig*. 3.) Pyciiiis non visis. 
Aeeiis liypopliyilis, in maciilis flavidis non vel ieniter innrassatuiis 1-5 mm. 
diam.^ aygregatis vel plus minusve sparsis, cupiilatis, 0.2-0.25 mm. diam. ; 
eellulis peridii angiilariter g'loboideis vel ellipsoideis vel polyliedrieis, 
14-20 X 16-26 p, pariete interiore verrneoso 3-3.5 p cr., exteriore striato 
4-5 p er. ; aeciosporae globoideae vel ellipsoideae, 13-17 x 17-20 p ; membrana 
liyalina, 0.5-1. 0 p cr., minuteque verruculosa. Urediis nnllis. Teliis ainplii- 
genis vel pleruinque epipbyllis, irregiilariter aggregatis, rotiiiidatis vel elon- 
gatis, usque ad 1.5 mm. longis, atro-bruniieis, subepidermalibus, plus 
minusve indeliiscentibns, locnlatis, parapliysibiis briinneis eoalitis niimero- 
sis; teiiosporae variabiles sed pleruinque eiavatae, ad apicem rotiindatae, 
attenuatae vel obtusae, deorsum atteniiatae, medio Ieniter eonstrietae, 19-27 
X (40-)48-66(-75) p; membrana 1.5~2.5 p cr., ad apicem 3-8 p cr., castaneo- 
brunnea, levi; pedicello persistenti, sporam aeqiiante, fiavido. 

On Ble 2 )Jiciris ho&rhaaviacfolia (madcraspatcnsis), Makene, Sierra Leone, 
Jan. 28, 1939, F, 0 . Dcighton 1741. type in tlie Arthur Herbarium and in 
tlie Herbarium of the Imperial Myeological Institute. 

Tlie aeeia and teliospores are similar to those described for Puccinia 
hlepliaridis P. Henn,, although the teliospores are somewhat longer, but the 
loculate, paraphysate telia of P. mahenensis are distinctive. It is probable 
that Aecidhm Pat. & Har., which occurs on the same host, is 

synonymous with P. makenensis. 


Puccinia multiloculata Cummins, sp. nov. (Pig. 1.) Pycnia epiphylla, 
siibepidermalia, globosa, 100-150 p diam. ; perpauca vel frequenter non visa. 
Aeeia hypophylia, siibepidermalia, dense aggregata in maculis 1-2 mni. 
diam., breviter cupulata, 0.15-0.25 mm. diam. ; eellulis peridii rhomboideis 
vel oblongo-eliipsoideis, 14-20 x 23-30 p, pariete interiore verrueoso 2.5-3 p 
cr., exteriore striato 4-5 p cr. ; aeciosporae globoideae, 13-16 x 15-18 p ; mem- 
brana liyalina, 0.5 p er., sublevi. Uredia igiiota, verissiiiiiliter nulla. Telia 
petiolieola, elongata, usque ad 7 mm. loiiga, atra, subepidermalia, iiidehis- 
eeiitibus, loeiilata, parapliysibiis numerosis brmmeis eoalitis; teiiosporae 
(rariiis 2-septatae) eiavatae vel cylindraceae, ad apicem rotiindatae, trini- 
eatae vel atteniiataej ad basiin attenuatae, medio Ieniter eonstrietae, 13-19 x 
36-62 p ; membrana pallide eastaneo- vel aiireo-briimiea, 1.5 p cr., ad apicem 
3-6 p cr., levi ; pedicello persistenti, sporam aeqiiante, intense briinneolo. 

On Tliunhergia cynmicliifolia, Segbwema, Sierra Leone, Dec. 11, 1937, 

1 Contribution from the Department of Botany, Purdue University Agricultural 
Experiment Station, Lafayette, Indiana. 

2 I am indebted to Dr. G. R. Bisby, Imperial Myeological Institute, Kew, England, 
Mr. H. E. Parks, Trinidad, Calif., and Dr. John A. Stevenson, Bureau of Plant Industry, 
Washington, D. C., who ma de available for study certain of the specimens reported here. 
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F. fl Deigkton 1460. type in tlie Artliiii* Herbariiiin and the Herlnvuiiini ot 
tlie Imperial Myeologicail Institute. 

Tills s|)eeies is distinct from other species of Pnccinia on TIi a n hcrgia 
l)ecause of tlie locnlate, paraphysate telia. The pedicel ot the t(hios})ores is 
iisitally darker than the base of the spore. It is doiditfid, jmhdny Irom de- 
scriptioiis, if tlie aeeia are distingTiishable from tliose ot P. I him hc)'</H((‘. 
Cooke aiid P. fandmiieiisis Hopkins. Only one telial ii'ronp was seen but th(‘ 
telia are probably not ahvays confined to the petioles. 

Puccinia paroselae Cummins, sp. nov. (Fiji*. 2.) llrediis liypoplivdiis vel 
eanlieolis, subepidermalibus, sparsis, i*otiindatis xel oblong'is, 0.4-1. 2 mm. 
lonjl’is, einnamomeis ; nrediosporae obovoideae, ellipsoidea(‘ A'el iat(‘ (dli})- 
soideae, 15-20 x 20-29 (-33) p; membrana 1.5 p cr., cinnaiiaimea, minuteiiiie 
echinulata, ports ji'erm. 3 vel 4, aeqiiatorialibiis vel plus mimisve s|>arsis. 
Teliosporae in iii*edia ellipsoideae vel ()bh)n<i*()-ellips<)i(lea(\ utrimpie ro~ 


Fig. 1. Photograph of a freediandj unstained section of the loculate tclliuu of 
cinia m/ulUloculata, sliowing the abundant development of the brown paraphyses and the 
cone oloroiis, subjacent, stronia-like tissue. X 240. 

Pig. 2. Two teliospores of Piwmiia panmHae; note that the pore of the upp(‘r cell 
is approximately apical while that of the lower cell is near the sliort, fragile* pedicel. 
x800.' 

Fig, 3; HiotogiTph of a freedrand, nnstained section of the teiiuni of Ptnwima 
matenefms, showing Hie brown paraphyaes which divide the sorus into locuk*s. ;■ 2-10. 
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tiiiKlatae vel ad basini leniter atteiiuatae, medio leiiiter eoiistrietae, 21-25 x 
85-42 (-45) |j; ineinbraiia 2-2.5 p cr., pallide castaneo- vel aiireo-bruiinea, 
iiiiniitefirie verrvieosa; poro siiperiore apieali vel siiba]iiealij iiiferiore infra 
mediiiiii loeiiliim sito ; pedieello byaliiio, fragili, brevissimo. 

On Faroscla roadside in Santa Eosa Canyon, Eiverside Co., Calif., 

Feb., 1940, II. E. Ib/r/os & Marvin Jordan 6430. type in tlie Arttuir Her- 
liarinni. 

Aeeordiiig to tlie relationsbip of the host one would expect this rust to 
belong in the genus Uropyxis but the presence of only a single germ pore 
in each cell of the teliospore excludes it from that genus. 

Puccinia puritanica Cummins, sp. nov. (Fig. 4.) Urediis hypophyllis, 
subepidermalibiis, sparsis, rotoiidatis vel oblongis, 0.3-0. 8 mm. longis, pallide 
ciniiaiiiomeis ; urediosporae late ellipsoideae, ellipsoideae vel obovoideae, 
16-20 X 20-25 |„i ; membraiia 1.5 p cr., pallide einnamoniea, minnteque eehinii- 
la,ta ; poris germ. 2, superaequatorialibus. Teliis conf ormibus ; teliosporae 
cla\'atae xel oblongae, ad apieem rotundatae, deorsum atteiiuatae, medio 
constrictae, 12-17 x 25-37 (-40) g; membrana 1-1.5 q cr., ad ^ipicem 4-8 q, 
fiavida vel pallide aureo-brunnea, levi; pedieello hyalino, sporam sub- 
ae(|iiante vel brevioil. Statim germ. 

On Carex pennsylvanica^ Waltham, Mass., Oct. 1, 1910, A. B. Seymour 
1(1 TiPE in the Arthur Herbarium and in the Myeological Collections of the 
Bureau of Plant Industry, U. S. Department of Agriculture. 

Tlie urediospores of this rust are indistinguishable from those of Puccinia 
exfensicola Plowr. or of Uroniyces perigynms Halst. Telia of the latter spe- 
cies are also present in this specimen and, while some of the uredia may 
belong with tliem, sectioning proved that the nearly colorless teliospores of 
P. purifanica occur in the uredia as well as in separate sori. The similarity 
of tlie uredia of the two species, the close association of the two kinds of 
telia. and tlie fact tiiat the two-eelled teliospores germinate at once lead to 
tlie spcMuilation tliat perhaps a single species was present, with the Uromyces 
spores representing the resting stage. Such a life cycle would be unique but 
possibly could occur. However, numerous sections of the telia failed to reveal 
niixture of the one- and two-cellecl teliospores. 

Tlie relationship of P. puritanica is uncertain. While the urediospores 
are like those of P. extensicola the teliospores show no similarity but are near 
those of the Philippine species, P. coiustata Syd. 

Uromyces ictericus Cummins, sp. nov. (Pig. 5.) Pycniis igiiotis. Aeciis 
epiphyllis, subepidermalibus, aggregafis in maculis pallidis 2-4 mm. diam., 
apericliatis, poro apertis; aeeiosporae eatemilatae, globoideae, ellipsoideae 
vel oblongo-ellipsoideae, 16-23 x 20-30 q ; membrana 1-1.5 q cr., iiyalina vel 
pallide flavida, verrucosa. Urediis iiullis, Teliis hypophyllis, subepider- 
malibus, aggregatis, rotundatis, oblongis vel confluentibus, pulvinatis, cin- 
namomeis vel fiavidis ; teliosporae late ellipsoideae, ovoideae vel obovoideae, 
15-20 X 20-30 q ; membrana 1.5-2 q er., ad apieem 3-5 q cr., flavidula vel 
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liyaliiia, levi; pedieello persistenti, ]iyaIi.no, sporani aecjuaiite vel !oii^‘i()i‘e. 

Oil I'resine celosia, Aranas Aiiiarj>‘as, Qiiezalteiiaiig'O, (iaiiteiMala, Jan. 60, 
1917, E. IF. I). Iloliray 80o, type ; Solola, Guatemala, Jan. 28, 1915, Ilolwiiy 
-141. Type in tlie Artliiir Tlei'bariiim. 

These collections have previously been assii*Tied to Uroinyccs n'rsiiirs 
Layerln, a South American species which lias siiiiilar aeuia, Init larjaei* (26- 
30x27--40p) aeciospores witli, thicker walls (1. 5-2.5 p) and ovoid, lai'yer 
teliospores (18-24 x 33-44 (-47) p). Tlie teliospores are similar to those oi' 
Ilrofnyces clarus Jacks & Holw., a species possessing: nredia with striate 
iirediospores. 



Fig. 4. Two teliospores of Fitccinia piiritajiica. x 050. 

Fig. 5. Two teliospores of UromyccH iciericuH, a Giiateiualtni sjieeies previoiislv eon- 
fused with the South Aaieriean V , ireNlncs Lagerli. x (150. 

Fig. (5. Two teliospores ot Uroniyces nreopinihs, a speeiOvS previously' iiKdiuled in llu? 
(leuiieyehc U. affinis Wint. x 050. 

Fig. 7. Teliospores of Yp.nlospora baphiar, a rust in which the teliospori's are IxuMie 
in laterally free paii's on a euimnon pedicel, x OoO. 

Uromyces necopinus Cummins, sp. nov. (Fig*. O.) Urediis im-ertis; 
urediosporae obovoideae vel late eJlipsoideae, 17-20 x 20-29 p ; iiiembraiia 
einiiamomeoJirunnea, 1.5 p er,, minuteque echimilata; poris geriu. 3, aecpui- 
torialibiis. Teliis am|)higeiiis, siibepidermalibns, sparsis vel plus iniuusve 
aggregatis, rotuixdatis, 0.2-0.5 mm. diam., pulvinatis, eiiinamomeis ; telim 
sporae ovoideae, ellipsoicleae vel oblongae, 10-18 x 25-36 p ; inembrana 1- 
1.5 p er., ad apicem 5-7 p cr., pallide aureo-brunuea vel flavida, levi; pedu 
cello persistenti, Iiyalino, sporam aequante vel loiigiore. 

On Hypoxis /lirsa dp vicinity of Lake Katrine, Ulster Co., N. Y., Ang. 
17, 1916, P. Wilson 402, type ; Norwich, Conn., Aug. 17, 1889, IF. A. SetcheU. 
Type in the Art hm^ 

Urontyces' necopinus lias been confused with P. affmis Wint. from which 
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it is readily separable becairse of its smootli teliospores. 

Jackson (M}4:‘4)log'ia 18: 157. 1926) has pointed out that Uredo Jiij 2 )oxidis 
(Bres.) P. Hemi. should not be considered as synonymous with U, affinis. 
II . afJUm was originally described as lacking nredia and there is no present 
evidence to contradict this. In fact, Demetrio’s original collection is the only 
specimen in the Artlnir Herbarium. 

Ypsilospora Cummins, gen. nov. (Pucci Jiiaceae.) Pyenia subcutieularia, 
hemispherica vel conoidea. Aeeia et nredia nulla vel adhuc ignota. Telia sub- 
epidermalia ; teliosporae unicellulares inter se liberae, binae in apice pedi- 
cello eommuni natae, hyalinae vel subhyalinae, statim germinaiites ad apieem 

promyeeliiim typicum elongatae. 

TYPE SPECIES : YpsUospova Mphiae, 

Ypsilospora baphiae Cummins, sp. nov. (Fig. 7.) Pyenia subenticularia, 
hemisphaerica vel conica, maeulis incrassatulis usque ad 7 mm. diam. oecu- 
paiitibus. Aeeia et nredia nulla. Telia subepidermalia, plus miiiusve pro- 
funde immersa, amphigena, inter pyenia sparsa, rotiindata, 0.15-0.25 mm. 
diam. vel confluentibus, flavida; teliosporae eylindraceae vel oblongo-ellip- 
soideae, 11-15 x 34-50 p ; membrana hyalina, 1 p cr. vel ad apieem 2 p cr., 
lev! ; pedicello hyalino, persistenti vel fragili, sporae aequante vel breviore. 

On Baphia nitida^ Maboma, Sierra Leone, Nov. 5, 1939, F. C. Deigkion 
2138. TYPE in the Arthur Herbarium and in the Herbarium of the Imperial 
Mycologieal Institute. 

This interesting mieroeyclic rust has 1-celled teliospores borne in pairs 
at the apex of a common pedicel. The pedicels disjoin from the sorus, the 
niature spores are pushed upward by the develoiiment of younger spores 
below and accumulate above the sorus. The arrangement of two teliospores 
upon a common pedicel is similar to that which characterizes the teliospores 
of SpJienospojuf;, except that here the two spores have no eomnion wuill. It 
slioiild be noted tliat the teliospores of Sphenospora copai ferae (P. Henn.) 
Syd. are described (Monogr. XJred. 4 : 584. 1924) as 'h . . am Septum meist 
ziemlich tief eingeschnurt. . . Copaifera is likewise a genus of the Legu- 
minosae and the two rusts may prove to be closely related. 

Uredo aspiliae-latifoHae Cummins, sp. nov. IJredia hypophylia, subepi- 
derinalia, rotiindata, 0.2-G.4 nim. diam., pulverulenta, cinnamomea; peri- 
physibus inconspicuis, cylindraeeis vel ampullaceis, 8-14 x 30-50 p, mem- 
branis I p cr., ad apieem 1.5-3 p cr., pallide brunneis; iirediosporae ellip- 
soideae, obovoideae vel globoideae, 17-23 x 19-27 p ; membrana 1.5 p cr., 
(unnamomeo-brunnea, moderate eehinulata; poris germ. 2, aequatorialibus. 

(3n Kenenia, Sierra Leone, Dec. 5, 1937, F. C. Deighton 

1505. TYPE in the Arthur Herbarium and in the Herbarium of the Imperial 
Mycologieal Institute^ 

This species differs from previously described rusts on Aspilia by the 
presence of paraphyses in the nredia. 
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Aecidium brideliae-micranthae CuiBiniris, sp. boy. Pycoiia epipliYlla, 
siibepidernialifi, <^‘lobosa, 120--150 p diaiiL, paraplrvsata. liyjxjphyila, 

siibepideriBalia, dense ay*g*i*eg'ata in. inaeulis atro-briiBBeis iiscjiie ad 15 inin. 
diain., flavida, h:re\dt(‘r eiipidata, ().15“0.2 nrni. diam. ; eellulis peridii f'ra.yilis, 
plus iiiinusve isodiainetrieis, 15-20 j,i diain., nHiuite<rue veri'iieidosis ; aei^io- 
sporae yloboideae, 10-~15 p diaiiL; Biembra.iia 0.5 p er., liyaliiia, iirnuitcMiuo 
YernieiLlosa. 

On BrideUa inicra jitJui , Ngeleliiin, Sierra Leone, Apr. 19, 1940, F, (1. 
Beighton 2269. type in tiie Artliiir Herbarirnn and in tJie Ilerbariuni ol the 
Imperial Mycologica,! Institute. 

Aecidium cynanchi Cniiimiiis, sp. nov. P.yeniis e|>ipliyllis, globosis, 80- 
110 p diam., snbepidermalibns, paueis. Aeeiis hypophyllis, laxe aggregatis 
in rnaeiilis pallidis usque ad 12 inin. diani., eujinlatis, nnirgine revoiuto; 
eellulis peridii angulariter globose uel oblongo, 14-20 x 19-25 p; pariete in- 
teriore Yerriieoso 3 p er., exteriore levi 2 p; aeeiosporae globoideae vel elllj)- 
soideae, 12-17 X 14-18 p; niembrana Ip er. hyalina, inin uterine verrinnilosa. 

On. CyiMnchnni niayuii, Ngan\Tilnin, Siert*a Leone, Apr. 19, 1940, F. C. 
Deigh fon 2270. type in tlie Arthur Herbariiun and in the llerbtiiviiim ol* the 
Imperial Mycologieal Institute. 

_ Aecidium leonense Cummins, sp. nov. Pyeuia non visa. Aeeia eaulicola,, 
ubiqiie aequaliter densecpie distributa, totam superlleieni oeiuijiantia, sub- 
epidermalia, breviter eupiilata, 0.2-0.3 mm. diam.; eellulis peridii ])lus 
minusve laxe coiijiinctis, rliomboideis, 13—16 x 15—19 p, pariete interiore 
moderate verrueoso 3 p er., exteriore 3-3.5 p er. levi ; aeeiosporae globoideae 
vel oblato-sphaeroideae, 11-16 x 11-15 p ; membrana hyalina, 1 p er., minnte- 
cpie Yerriiculosa, 

OnDioseorea sp., Sembehim, Sierra Leone, Apr. 26, 1940, F. C. Deighton 
2282. TYPE in the Artliiir Herbariiun and in tlie Herbarium of the Imperial 
My c oI ogi ea. 1 Inst i tn t e. 

Notes by the eolleetor of tins systemie rust are as follows; ‘A4uising a 
witeh-hroom with tliiekening of the attaeked stems. Prom ai)])eiii‘anee, very 
possibly a ]:)ereiiiiial rust,” 

The Arthur Herbarium, 

. Purdue IIniversity AoRicruLTUi^AL Experim:e.nt Station. 



STUDIES IN THE FAMILY WORONINACEAE— I. DISCUSSION 
OF A NEW SPECIES INCLUDING A CONSIDERATION 
OF THE GENERA PSEUDOLPIDIUM 
AND OLPIDIOPSIS 

D. A. MoLaety 
(with twenty-six figures) 

INTRODUCTION 

Tlie ^*eiius was established by Cornu in 1872 to include five 

siieeies Av^hieh he found parasitizing* various members of the Saprolegniales. 
For tliree of tliese s])eeies Cornu described thick-walled resting spores with 
one or several attached empty cells which he assumed were antheridia. 
Altliovigh lie did not mention it specifically as a generic character, this 
‘^u?llule adjaeente/’ which Cornu observed in only three of his five siiecies, 
came to be i*egarded as the distinguishing character of the genus. In 1878 
Iveinscti observed the passage of the contents of the smaller into the larger 
tlnillus, and since that time the resting spores of Olpkliopsis have been gen- 
erally considei'ed to arise as the result of definite sexual fusions. 

A few years later, however, Fischer (1880) failed to observe aiitheridial 
cells in what lie considered to be 0. Baprolegnkie. Accordingly in 1882 he 
rejected the adjacent cell’^ character as diagnostic for the genus and 
restricted Olpkliopsis to species which produce asexual resting spores. Sub- 
sequent studies, however, convinced Fischer that his earlier observations 
liad been ineoi*rect, and in. 1892 he restored the genus to its original status 
and established a second genus, Pseudolpklinm, to include Olpkliopsis-\ik% 
species with asexual resting spores. In his genus Fischer included P. Sapro- 
legnkie and P. fimfornu^ for which he described resting spores, and four 
additional \'ery dubious species for which no resting spores were observed. 

>Since tlie time of Fisclier no critical work has been done on the species 
wliicli lie observed but many new species of Olpidiopsis mid Pseiiclolpklium 
have been described, and generic distinctions have been made solely upon 
the basis of the presence or absence of antheridial cells attached to the rest- 
ing spores. Species of these two genera have repeatedly been reported as 
oexnirring simultaneously in the cells of various hosts, although there is no 
record of the individual species, in such cases, having been isolated in pure 
cultures. In swollen filaments of AcMya flageUata which appeared to be 
infected with several species, the author (1939) immediately recognized P. 
Saprolegnim and P. fnsiforme. In addition spherical, thick- walled resting 
spores, similar to the type described by Butler (1907) for certain Pseud- 
olpidinm species, were observed with occasional Olpiddopsis resting spores. 
It was found at once, however, that the spiny bodies which Fischer described 
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as resting spores are notliing* more than thiii-wallecl zoosporaiigio A\liieh, 
liberate zoospores directly without becoming dorinant. It was tlins ol)\'ioiis 
that Fischer’s genus based on tlie misinterpretatioii of these 

s|}()raiigia, is no longer valicL This vieAvpoiut lias been ('onfii’iiied b\’ tiie snl)- 
sequent discovery of similar spiny sporangia in 0. vcxans, 0. fusiforini^i, 0. 
varians, and 0. Saprolegnuie by l^hanor (1939). 

A¥hen monospore cultures were established, tlie aiitlior (1939) f<>iind, 
however, that he Avas not dealing AA^itli several organisms but Avith a single 
species Avhich produces smooth and sx>iny zoosporangia- and forms thick- 
Avalled resting spores A^dth or Avithout attached antheridial cells. Tliis discoA^- 
eiy immediately raised the question whether or not any generic distinction 
can be made on the basis of this character of the resting spore. Pending 
further investigation of the nature of sex in this group, hoAvever, the author 
(1939) suggested that the genus Pseudolpidium,, amended in aceoi‘dance 
with the new facts, miglit be maintained for the asexual species descril)ed 
by Butler (1907), and that the organism Avith Avhicli Ave ai*e dealing might 
be regarded teiitatively as a P^ieudcdpidAum: species whicdi, although pre- 
dominantly asexual, may displa,y some sexuality. 

Since that time a tlioroiigh Investigation of tlie A'ariations in stiuieture 
and sexual expression displayed by this ncAV species lias been made in, an 
effort to establish its proper relationships and to eva.luate some of tlie cliar- 
aeters upon Avhich generic and specific distinctions have been made in the 
past. Some of the results of this study are recorded in tliis paper. 

MATERIALS AND METHODS 

The technic employed in securing and maintaining the parasite is an 
adaptation of the method reported by Miss Berdan (1939). A pui*e stoiik 
culture of Aehlya'flageUata was maintained on Difco {lotato dextrose agar, 
while the parasitized host enitures were grown on sterile hemp seeds in 
sterile cliarcoal water. Ih-ansfer and renewal eiiltnres were pi*e|)ari‘d hy 
placing an infected ^‘seed cidture’' in fresh elmrcoal water with a i’resh 
AcMya enlture. By repeated washing of the ''*seed culture” witli sterile dis- 
tilled water from a pressure wash bottle, protozoa Avere eliniinated, and liae- 
terial contamination was reduced to a niinimiim. It was found (ioin’enient 
to bold the culture in the depression of a moist eliamher slide and to use a 
smaH aqiiarhim pump to dcAmlop pressure sufficient to tlioroughly (ileiin the 
eulture. Temperatures higher than ajiproximately 25° C. were uufaAXirable, 
since they induced dormancy of the /sporangia. Tliis dormancy, IiOAvever, 
could be broken by subjecting the enlture to a teniperature of about 15° 0. 
'''for '24 hours,. 

M'onosporangial, e'ultures' were, prepared by eolleeting a few zoospores 
in a mieropipette as they emerged from the sporangium and placing them 
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ill sterile cliarcoal water eontahiiiig' a pure culture of Achlifa growing on a 
sinail l)]()ek of agar. After a period of 24 hours, isolated sporangia appeared 
in the AGhlya filaineiits, and with the aid of a low power dissecting miero- 
scope the parasitized filaments were separated without disturbing the 
spoi*angia. Filaments with single sporangia were then transferred to a 
eolture dish eontaining pure AcJilya, and in this way monosporangial infec- 
tions were secured. 

KSimilarly monospore cultures Avere obtained by collecting Avith a iniero- 
pipette a drop of Avater containing seA^eral zoospores. The AA^ater Avas then 
spaced out in tiny droplets on a glass slide, and those containing a single 
zoospore AAJ’ere picked up again in sterile inieropipettes and added to pure 
Achlya cultures. 

The infection and subsequent progressme stages in the deAu^lopment of 
the sporangia and resting spores of the parasite AA^ere obseiwed in hanging 
drop cultures. Wlieii a small culture of Achlya^ Avhieh had been alloAA^ed to 
renmiu for a few moments in AA^ater eontaining numerous zoospores, Avas 
lifted ill a large pipette and placed on a eoA^er-slip, the filaments spread out 
and clung close to the surface in a thin film of AA-ater, thus making it possible 
to use the oil immersion lens for obserA^atioiis. For the study of the deA^elop- 
ing zoosporangia, agar block cultures AA^ere used, because AAdiere the host 
presumably has a limited supply of food the thalli deA^elop and mature 
rapidly without the interjection of long rest periods. For the study of resting 
spore development, the host was grown on fragments of raAA' meat. 

OBSERA^ATIONS 

m Size, Ahwpe,, and Echinidatm^^^^ of the Zoosi:)omngia, JAl 
monospore infections of Achlya m far observed haA’-e ahvays resulted in the 
formation Avithin the host filament of large, solitary, thiii-Avalled zoospo- 
rangia (fig. 4). At maturity snch solitary sporangia liberate large numbers 
of zoospores Avliich re-infect the tips of young Achlya filaments. From snch 
a secondary, miiltiple infection all the types of sporangia illixstrated in 
figures 1-11 may result. 

Correlations betAveen the size of the sporangia, the size of the localized 
SAvelliiigs of the host hyphae, and the number of sporangia in each sAvelliiig 
Avere sough t. In this connection, hoAvever, AA^e are dealing Avith large, a septate 
filaments in Avhieh it is diffienit to determine the unit of host protoplasni 
iiwolved. The Augor of the host filaments and the A^olnine of protoplasm 
AAdiieh they might contain, moreoA^er, vary so greatly that the interpretation 
of sporangial variation in terms of popxilatioii counts and measurements 
proved impraeticaL It Avas soon found better to rely upon observational 
methods: 'y 

I^^ hanging drop cultures it was possible to determine the approximate 
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iiiiinbers of zoospores infeeting yarioiis filaments and to determine also the 
liiiie at which certciin infections took place relative to other local infections. 
As described above, solitary infections give rise to solitary sporangia which 
may become verA^ large (fig. 4) if the host filament contains copious amounts 
of ])]*oto plasm but which will mature quickly without attaining great size 
it the suiipiy of host protoplasm is limited. When two or se\"eral zoospores 
penetrated a filament more or less simultaneously, smaller sporangia of 
somewhat uniform size developed (figs. 1, 2). The size of the sporangia 
decreases .as the number in the filament increases. 

Ill not too congested filaments the sporangia attain appreciable size and 
assume a more or less ellipsoidal shape. When filaments were beset by large 
numbers of spores, hoAvever, large swellings, filled Avith small, spheiucal or 
oval sporangia nieasuring 11.5-50 microns in their largest diameter, Avere 
formed (fig. 11). It Avas also observed that Avhen multiple infection of a 
fihimeut whieli already contained one or several deA^eloping thalli occurred, 
the numerous sporangia formed Avere dAvarfed (fig. 6). Apparently in such 
eases tlie older thalli absorb the bulk of the food and consequently deprive 
the younger thalli of adecpiate nourishment. 

Tlie ornamentation of the Avails of zoosporangia varies from very fine 
eehiiiiilations (fig. 2a) to large heaAw bristles (fig. 6), Attempts Avere made 
to correlate the production of bristles with the age of the culture, the vigor 
of the host, and other general eiiAdronmental factors. No such correlations 
could be established, hoAvever, since it Avas found that smooth and rough- 
Avalled sporangia Avere produced simultaneously side by side (figs. 2, 10), 
and the entire range of variation from smooth to extremely rough AAmlls was 
often observed on. a single sporangium (fig. 7a). 

Tlie progressive stages of bristle formation AA^ere often observed . in hang- 


Explanation of figures 1-1 1 

Fig. 1. Two elongate tliallx of 0. Achlyae in a swollen tip of an AcMya filament. 
X 93. Pig. 2. Several smootli and rough- walled empty zoosporangia of approximately equal 
size in a swollen filament, x 93. Fig, 3. A small, spiny zoosporangiuni in an Achlya 
oogonial cell, x 93. Fig. 4. A large solitary zoosp or angimn, with three exit tubes, in a 
swollen. Aelilya filament, x 93. Fig. 5. Several small, empty, smooth and rough-walled 
zoosporangia wliicdi have matured in a filament without causing any appreciable swelling 
of the host cell, x 93. Fig. 6. A single large, spiny zoosporangiuin in a swollen filament 
with niunerous smaller, smooth sporangia, x 93. Fig. 7. A swollen A My a filament con- 
taining a parthenogenetic resting spore of 0. Achlyae, two sexnal resting spores h and a 
and two rough-walled sporangia; sporangium a is smooth at one end and heavily bristled 
at the other, x 93. Fig. 8. A swollen Aeklya filament with numerous, small, smooth and 
rough- walled zoosporangia and asexual (a-d) and sexual (e) resting spores, x 93, Fig. 9. 
Large and small, smooth and rough- walled zoosporangia with three smooth-walled resting 
spores (a). xOSvFiG. 10. Oval to elongate, smooth and rough-walled zoosporangia in a 
slightly swmllen filament, x 93. Fig. 11. Numerous spherical to oval, smooth and rough- 
wmlled zoosporangia^^m a swollen A filament; two isolated thalli have caused little 
; swelling rnf: the'' liOst filameiitfiit their vicinity, x 93', ■ ^ , 
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iii^ drop cultiires. Oii the surface of sporangia wliieli had attained approxi- 
inately tiieir inatnre size but were still sni*roiin.ded by an apx)reciable ainount 
of visilile liost proto plasm, small, hyaline, indefiiiite bristles were soinetiiiies 
diseernible. Such bristles increase in nnmber, size, and density iintil, at 
iiiatority, the sporangium may appear similar to that shown in fignre 6. As 
tills de\atioptiient takes place the visible host protoplasm gTadnally dimin- 
ishes until, at maturity, the sporangium is suspended in a liyaline niediiim. 
Altliough. it has not been conclusively demonstrated that these bristles 
arise by a localized deposition of host protoplasm, this is suggested by the 
fact that they develop as the refractive material about them diminislies. 
This is ill agreement witli the observations of Fischer (1882), Fiirthermore, 
when such rough-walled sporangia are ti*eated witli zinc ehloro-iodide, tlie 
wall stains blue, but tlie bristles give no cellulose reaction. The actual chemi- 
cal nature of the bristles, liOAvever, remains unknown. 

These observations on living zoosporongia seem to indicate tliat \airia- 
tious in tiieir size are dependent upon the vigor of the host, tlie niimber of 
tlialli developing in a given locality, and, within a single filament, the time 
of ])enetratioii relative to otlier local infections. Tliey vary, accordingly, 
from large, solitary, cylindrical sporangia to small, spherical ones whicli 
develop in congested filaments. Although the factors controlling tiie forma- 
tion of bristles are obscure, they appear to arise b,y a direct, localized deposi- 
tion of host protoplasm upon the surface of the tlialli. 

De-velopment and Variations of the Exospore. The great variability 
whieb, cdiaracterizes tlie exospore, in this species is of particular iiitei*est in 
view of the great stress wliicli has been idaeed upon this structure in tlie 
determination of sxiecies of and Olpidiopsis. 


Explanation of figures 12-26 

Pig, 12. Oi-ighi of. spines of the oxospore witliin the Icr^tinc Inycr drawn from, living 
niatcria]. xr>8(l. Pigs. 13-15, Successive stages in tlie development of a, tliin, warty e,\'o- 
spore on a resting s])(>re which absorlied most of the host iirotoplasin during its (‘arly 
developijumtal stages. x 470. Pig. 16. An empty male cell attaclied to two mature renting 
spores. x47<). Pro. 17. A mature sexual resting spore with three eupity male cells attached ; 
margin, of the homogeneous layer is visilile about the apices of the spines, x 470. Pm. 18. 
A. mature resting spore witli two attached male cells which still contain theii’ contents. 
x470. Pig. 19. Cytoplasmic strands running from the apices of the broad*l>asc(l spines 
of an asexual resting spore, x 470. Pig. 20. A developing resting spore stained with 
liaematoxylin showing origin of spines within the homogeneous layer by centripetal con- 
densation of protoplasm along def nite lines, x 580. Pig. 21, A parthenogeiietic resting spor<^ 
bearing long, narrow spines, x 580. Pig. 22. A mature resting spore with an exospore 
which is part smooth and part spiny. x 580. Pig. 23. A mature asexual resting spore of 
0. Achlyae possessing an undulant exospore. x580. Pig. 24. A mature resting spore bear- 
ing a halo of hair-like spines, x 580. Pig. 25. A mature resting spore of 0. Achlyae illus- 
trating how^ the development of the exospore has conformed with, the wall of the host 
filament— ~Le., with the distiubution of the host protoplasm, x 580. Pig. 26. Two sexual 
resting spores A and B with their associated male cells AT and Y wdiich have been enveloped 
by a common, wall. X 580. 
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yoii]ij 4 ' (levelopiiig* resting' spores in the living eoinlitic)!! (.'an, be distin- 
girislied from inei])ient zoo>sporangial thalli at a fairly earl}' stage by their 
more opaque ])rotoplasinic content and, to some extent, by tlie iiotieeably 
tiiicker layer of granuJar, degenerating host protoplasm wliicli usually sur- 
rounds the A’ourig resting spores. The exosjiore nsually first becomes evident 
as a lioinogeiieous, amorplions layer which develo])s centripetally aroiiiid the 
thallus, gradually replacing entirely the mass of granular host protoi)]asm. 
At maturity, this layer may maintain a fairly even contour (fig. 23), 
althougli, in stained preparations, radially arranged lines, which a]p)ear to 
be regions of condensation, may be observed extending inward from tlie 
outer margiii of tlie exospore. Iii most cases, however, tliis homogeneous 
]a.yer becomes organized, to a greater or lesser degree, into spines of A'arious 
sorts (figs. 17, 21, 22, 24). Such spines, the beginnings of whicli can often 
be observed in living materia] as slightly more opaque, conical regions (fig. 
12) , are elaborated witliiu tlie confines of tlie homogeneous la\'er, tlie outer 
margin of which often remains visible for some time (fig. 17). A resting 
spore, fixed and stained i.u a stage of development comparable to that sliown 
ill figure 12, is illustrated in figure 20. A tendency for the lines of deposition 
to become somewhat localized and organized into conical ‘‘bundles,’” which 
seem to represent incipient spines, is striking. It is to be furtlier noted that 
the lines of deposition do not extend all the way in but appear to be develop- 
ing from the outer margin of the layer toward the centre. This observation 
is in agreement with that of Butler (1907) on Pytkii, for 

which he describes the spines of the resting spores as arising witliin a liglit 
band “by condensation of protoplasm along definite lines” eentripetally. 

On a few spores spines have been seen to arise apparently by direct 
deposition of liost protoplasm without the formation of a homogeneous 
layer. Cytoplasmic strands were usually observed to radiate from the tips 
of such, spines as were newly formed (fig. 19). 

Like tlie bristles of the zoosporangia, the exospores fail to react witli zinc 
ehloro-iodide, in contrast to the endospore which gives a, brilliant cellulose 
test. Attempts to demonstrate the actual chemical composition of tlie 
exospore have been unsuccessful. It can be definitely said, however, tliat its 
deposition is intimately associated with the layer of liost protoplasm direcdly 
impinging upon the thallus. Figure 25 illustrates a spore the formation of 
whose exospore has apparently been governed by the limitations of the wal l 
of the host filament — i. e., by the distribution of the host protoplasm. The 
iiomogeneons layer seems to result from a direct deposition of host proto- 
plasm, and the organization of spines seems to be accomplished by a regional 
condensation and deposition of this substaiiee along more or less radial lines. 

Strong evidence in support of this interpretation is the very poor devel- 
opment of exospores by resting spore thalli which use up most of the host 
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protoplasm in tlieir early developmental stages (figs. 13-15). Siieli spores, 
at maturity, may be enclosed by a very tliiii, warty exospore ; the outer wall 
of some that Avere observed Avas almost entirely lacking. It might he argued 
that tlie host protoplasm is first absorbed by the thalhis and later tlie exo- 
spore is secreted. In this case, accordingly, it would be assumed that most 
of tlie food material Avas needed by the maturing thallus and that little 
excess Avas left available for AAmll secretion. The deposition of the exospore 
begins fairly early, hoAvever, and despite its increasing thickness the host 
protoplasm steadily diminishes. The homogeneous layer might be confused, 
in certain respects, Avith the digestion cavity Avhieh often surrounds intra- 
cellular parasites. Incipient resting spores AAdiieh have been dissected out at 
this stage, howewer, liaAm been found to be enclosed in a definite, structural 
layer Avhich does not appear to be a region of digestion or absorption. Judg- 
ing from the difficulties encountered in bringing about penetration of 
mature spores by fixatives and intra-vitam stains, it seems improbable that 
mucli absorption by the thallus AAUuld go on after the formation of the 
exospore has begun. Consequently, the gradual disappearance of the host 
protoplasm Avhich takes place as the exospore layer increases in thickness 
is best ex]:)lained by assuming direct deposition of host protoplasm upon 
the surface of the thallus. Figure 26, dravAui from sectioned and stained 
material, shoAvs tAvo resting spores A and B, Avith their related male cells, 
X and Y respectively. It is to be noted that their exospores are completely 
confluent and that male cell X is entirely, surrounded and embedded. Such 
a condition seems to suggest exospore production by deposition and direct 
transformation of host protoplasm rather than separate secretion by each 
individual thallus. 

A consideration of the various configurations Avhieii the exospores of 
niat lire resting spores of tins sx)ecies may assume is interesting and sugges- 
tive of the synonymy Avhich might arise by attributing false significance 
to tliese variations. Mature resting spores of our species are often invested 
by a dense layer of broad based siAines similar to those described for 0. fusi- 
forniis and 0. (fig. 17). SaAvada (Tokunaga 1933) in 1912 described 

a species, P. steUatum^ solely upon the basis of the resting spores observed. 
These spores, which he describes as similar to those of 0. mimrr but lacking 
attached male ceils, are simulated by asexual spores of our species. Long, 
tapering spines (fig. 21) similar to those described for 0. Saprolegniae have 
also been observed, Avhile undulating exospores like those described for 0. 
major and P. incrassata are not uncommon in cnltures of the species here 
considered (fig. 23). Spores surrounded by a halo of hair-like spines or 
fibrillae siniulating the spores described by De Wildeman (1895) for 0, 
fibriUosa regularly occur (fig. 24), Avhile resting spores vyhieh have devel- 
oped under conditions providing a minimum of nourishment often possess, 
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:it maturity, a tliiii, warty exospore similar to that described Barrett 
; 1912 ) for 0 . vexans (fig*. 15). In addition, many other irregular variations 
if the exospore are commonly encountered in cultures of this species (figs. 
16 , 18 , 22 , 25 ). 

It is not maintained that all the species whose resting spores are siinii- 
lated by this one extremely variable organism are necessarily invalid. 
N'evertheless, the apparent method of formation of the exospore and the 
infinite variation which it may exhibit within one species indicate that it is 
not an. infallible diagnostic character upon wdiich to base generic distinc- 
tions. When all species concerned have been re-collected and critically 
studied in pure culture, we may learn that many of them are synoinunoiis 
while others, which may be confined to various definite hosts, may prove to 
be phj’siologieal strains of a few distinct species. 

Sex Defermintiflon. When Cornu (1872) observed small, einpt^^ thalli 
attached to largei* resting spore thalli he assumed that the smaller cells 
were antheridia. His belief was confirmed in 1878 when Reinsch observed 
the movement of the contents of the smaller into the larger tliallus. Since 
that time this interpretation has been generally accepted and the terms 
‘^antheridiiim” and “oogonium” have been applied to the smaller and larger 
thalli, respectively, and the fusion of these cells has been referred to as being 
a primitive type of oomyeetous reproduction. Seherrfel (1925) looks upon 
the resting spores of Olpidiopsis as oospores without periplasm and, upon 
this basis, he outlines a possible origin of the Piyf/iium-Peronosporaceae 
group from simpler species through Olpidiopsis. No investigation of sex 
determination in these species has ever been attempted, however, and tlie 
actual origins of the so-called antheridial and oogonial thalli remain obscure. 
Barrett (1912) states that when these thalli first become recognizable it is 
impossible to say whether they have had separate origins or whether they 
have been derived by an unequal division of a single thalliis. He believes, 
none the less, with all other investigators of Olpidiopsis species, that resting 
spore formation invariably involves fusions of cells. The spores of tlie species 
under eonsideration, however, may he formed wdth or without fusions wlii le 
the ratio of so-called sexual to asexual sxiores may show noticeable variation. 

Prom a series of eounts made on resting siiores of various culture gen- 
erations, it was found that onl^^ one quarter of the resting spores of oiir 
species have attached antheridial cells. It has been noted, however, that the 
ratio of sexual to asexual spores in consecutive culture generations may 
show variation whieh cannot be correlated with any easily recognizable 
environmental factor. When studying pure cultures of this species it is not 
unusual to find certain cultures which exhibit no sexuality whatever, while 
others, gxmwing under the same conditions, display only resthig spores of 
the type. It has been observed by Barrett (1912), the author, 
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and others tliat resting spores -are more abundant in eiiltures grown in stale 
water, while Diehl (1935) points out that low temperatures have a similar 
effect. Observa,tions on this species, moreover, have shown that lower tern- 
peiatures not oidy stimulate resting spore formation but, in cultures main- 
tained at lo w temperatures, although the sexual-asexual ratio may still vary, 
tlie ])ereentage of sexual resting s^iores is usually markedly higher. 

I n several cases, similar to that illustrated in figure 16, male cells attached 
to two feniale thalli have been observed. In the thalli illustrated the contents 
of the male cell passed into the smaller of the two female thalli although the 
larger thallus matured quite as readily as did the smaller ^ ffhrtilized ^ ’ thal- 
lus. The passage of only a part of the contents of the male cells into the larger 
thalli in the ''fertilization'’ process has often been observed, while the total 
failure of attached male cells to function frequently occurs (fig. 18). It is 
evident that fusion is not essential to resting spore formation and that male 
cells, even when present, do not always participate in the maturation of the 
female thallus. 

It has been mentioned by Shanor (1939) that, during his investigation of 
0. Ut.iKrians^ spores were observed which appeared to be formed asexually, 
b\it upon closer observation these proved to be merely " inadvantageously 
orientated” sexual spores, the male cells of which were hidden from view. 
That tills is not true of the " parthenogenetic ” resting spores of oiir species 
has been repeatedly shown by dissecting the spores out in glycerine where 
they could be rolled over and over for examination from all sides. 

At the outset it was postulated that the production of sexual and asexual 
spores by this extremely variable species might be explained on the basis of 
heterothallism. It was found by the author (1939), however, that hetero- 
thallism does not exist in this species, inasmuch as sexual spores occur in 
cultures which have been propagated from a single zoospore. Moreover, if 
we iire to assume genotypic differentiation of sex in this species, there are 
basic assumptions to be made which, in themselves, seem to totally discredit 
any claim of sex segregation. In the case of monospore cultures exhibiting 
sexuality it would be neeessaxw to assume that the single zoospore from which 
the ciilture was propagated \vas diploid with factors for maleness and 
femaleness. In the maturation of the primary sporangium formed by the 
single spore we must further assume that zoospores similar to the original 
were formed by mitosis, while in other parts of the same sporangium meiosis 
occurred in the production of genotypically differentiated male and female 
gametes, These in turn wonlcl give rise to the zoosporangial "antliericlial” 
and "oogoiiial” thalli which appear in the secondary infection. In alTthe 
prepared, xioosporangial material studied to date, however, no indication 
of meiosis has been found to support this assumption which, in itself, seems 
improbable enough to discredit the entire hypothesis. 
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It lias been stated above that low temperatures appear to iuerease the 
percentage of sexually formed resting spores, while the ratio of sexual to 
asexual resting spores varies eonstantly witlioiit any appareiit relation to 
einui*oiiiiieiita.l factors. As will be more clearly brought out in a following* 
paper, the male and female thalli of this species have been found to be multi- 
iiiieleate and essentially similar to the zoosporangial thalli. The mature I'est- 
ing* spores are likewise multiiuieleate, and upon germination they funetion 
as sporangia, liberating zoospores through an exit tube. In this regard these 
resting spores differ from the uninucleate resting spores whieli Hillegas 
(1940) has observed for Eiidochytrium operculaiiim, whieli germinate in- 
directly by prodnciiig an evanescent zoosporangium in whieli nuclear divi- 
sions take place prior to the delimitcition of zoosiiores. It seems, at least in 
the species which wm are considering, that all incipient zoosporangial thalli 
are xiotential male and female cells Avhich, under certain conditions, become 
somewhat differentiated and funetion in the formation of resting spores. 
The use of the terms ‘hintheridium” and ^ Aogoniund’ to denote the smaller 
and larger fusion thalli, respectively, is iinfortiinate and misleading. Tliese 
terms, in their proper sense, refer to gametangia producing male and female 
gametes. Consequently, these thalli, when they fuse, may more properly be 
referred to as male and female thalli. 

All our observations indicate that this species is liaplosynoecious and that 
sex is pheiiotypically determined. Upon the basis of such a hypothesis the 
wide range of variation in sexual expression and the ability of certain 
environmental factoi*s to influence siicli variation can, to some extent, be 
explained. Conclusive evidence of the truth of the hypothesis, howeveic must 
aivait the results of much more experimentation and cytologica] denuinstra- 
tion of meiosis occurring in the germination of the resting spores. 

DISCUTSSION 

The foregoing observations on resting spore formation in the s|)ecies 
with which we are dealing show^ conclusively that distinctions dra wn between 
sexual and asexual species are totally unwarranted. The formation of I’esting 
spores of the Olpidiopsis type does not involve fusions between genotypicallx' 
differentiated gametes but apparently merely represents a reaction l)etu*een 
incipient zoosporangia -wliieh, under certain conditions, may become some- 
what modified to function in resting spore formation. It has been demon- 
strated, moreover, that such fusions are in no way essential to resting spore 
development and that, in this particular species, the percentage of sexual 
spores formed may vary over a wide range in accordance with the tempera- 
ture and other obscure external factors. Consequently, it is obvious that 
'Psmddpidium' should be merged with Olpidiopsis and that the description 
of the latter genus should be amended to include species with smooth and 
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zo()S{)oraiig'ia wliich may forin either sexual or asexual resting* spores. 
Tlie author is a.eeordiip^ly revising the generic diagnosis as follows: 

( )i4pi DIOPS IB Cornu, Ann. Sei. Nat. Y, 15: 114. 1872. Pleocystidiirm 
Fisdi, 8itz.-ber. Idiys. Med. Soe. Erlangen 16: 29—66. 1884. DlplopJiijsa 
S(4iroeter in Colin’s Kryptog. PL Sehlesiens 3: 175-197. 1889. Olpidiopsis 
((Jornii) Fischer, Ivabenhorst Kryptog. PI. !■*: 37. 1892. Fsendolpidium 
Pis(^lier in Itabenhorst Kryptog. PI. 1^ : 33. 1892. Pseudolpidiopsis Mindeii. 
Krypt. PL Mark Brandenburg 5: 209-422. 1911, 

ThaJlo intramatrieali, monoceiitrico, holcarpieo, primnni nndinsculo (nt 
videtiir) sed protoplasina hospitis inmixto, matnritate distincto pariete 
cellnlosam habente disinneto. Zoosporangiis solitariis vel nniiierosis, hyalinis 
vel^ })ai*ce granulosis, levibns vel eehinnlatis, globosis, ovalibiis-ellipsoideis, 
cylindriceis, saeculatis vel irregnlaribns, cum nna ant amplins tnbnlis exenii- 
tibiis, latis, aciitis vel cylindriceis, rectis, cnrvis spiriformibns, brevibns vel 
elongatis, qiuie usque ad parieteni matrieis pertinere ant etiarn se extra 
proi(-ei*e solent. Zoosporis hyaliiiis, minntissinie grannlatis, interdnm enni 
gutta (.‘ontrahende, ovali, ellipsoideo, vel aliqna ex parte elongata atque 
reniformi ; hetero- et isoconti flagellis a latere prope aiiteriorem partem 
iiisertis, fiagello breviore protinns, longiore retro plernmqiie derecto; iiiaturis 
einergeiitibns snbitoque enatantibns vel interdnm qniete cnninlo ostio 
tnbnlae aliquanidiu maneiitibiis; aeqnaliter hand emicatim movent ex 
oeeasione fiagellatis retraetis tranquilliter quieseentes. Sporis perdurantibns, 
gainicis, agamicis vel parthenogeneticis, ovalibns ellipsoideisve, hyalinis, 
brnnneis, levibns, verrnciformibns, nndulatis, eehinnlatis, niium ant amplins 
globiilos refringentes niagnos parvosve ant habentibus ant careiitibns; 
antlieridia, enm adsnnt, solitaria vel nnmerosa, hyaliiia, levia, spiniformia 
vel eitliiiiiilata. Germinatio directa, tnbnla exeuiite formata et biflagellatis 
zoos|)oris liberatis. 

Til alius intramatrieal, monocentric, holocarpic, appearing more or less 
naked but immiscible with the host protoplasm when young, becoming in- 
vested witli a definite eellnlose wall at matnritv. Zoosporangia solitary or 
luiiuerons, Irvuiline or slightly grannlar, smooth or spiny, spherical, oval, 
elIi})soida], eloiigate, saolike or irregular with one or several broad, tapering 
oi* ('ylindric^ai, straight, curved, coiled, short or elongate exit tubes which 
ma\’' end fiusli with the surface of the host cell or may project beyond it. 
Z()()spores hyaline with numerons minute granules, and occasionally a con- 
tractile vacuole, oval, ellipsoidal, or somewhat elongate and renifonn, 
hetero- and isocont; flagella inseided laterally near the anterior end, the 
shoiieiv oiie usually directed forw^ard and the longer backward; emerging 
fully formed and swimming directly away or occasionally lying quiescent 
in a mass for a moment at the mouth of the exit tube; movement even, not 
darting, inteiTupted by one or several rest periods during which the flagella 
may be retracted. Resting spores sexual and asexual or parthenogenetie, oval 
or ellipsoidal, hyaline, brown, smooth, warty, undulating or wavy, spiny, 
with or without one or several large or small refringent globules ; male cells, 
when present, single or numerous, hyaline, spherical, smooth, warty or 
sphi \4 Gi'rmiuation of the resting spore direct by formation of an exit tube 
and liberation of biflagellate zoospor 
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Pew of tlie species of Pseudolpkliiim and Olpidiopsis wliicli liave been 
described have been adequately studied and we have ^'ery little accurate 
kiiOAvledye of their variability and host relationships. Yet it is ])riinarily 
upon tlie basis of the host raiig'e and exosiiore variations that these species 
have been determined. It has been pointed out above tliat the resting spores 
of several species which are now considered as distinct are siinulated in 
moiiospore cultures of the extremely variable species which we are consider- 
ing’. Ill view of this, it does not appear that the character of the exospore is a 
suitable, fundamental diagnostic character. It seems highly probable that 
many of the species whicli have been described may prove to be syiionymoiis 
with, or nothing more than physiological strains of a few legitimate species. 
This new species, likewise, may be s.ynonymous with several others whieli 
are at present considered distinct but, until all these related s])ecies have 
been critically studied in monospore cnltnres, the exact identity and rehi,'- 
tionships of this species must remain in doubt. For this reason I am jiro- 
visionally naming the species until the genus as a whole is better kiio\Mi. 

Olpidiopsis Achlyae McLarty sp. nov. (ad int.). Zoosporaiigiis solitariis 
vel niimerosis, plerumqiie in matrieis eellibus tiirgidis terminalibus vel in- 
tercalaribiis positis; brunneolis, parce graniilatis, matiiritate pariete cellii- 
losam habente eireumvallatis, levibns vel spinis angustis vel crassis qnae 
celliilosa carent ; sphaerieis, ovalibns, ellipsoideis vel elongatis, inagnitudine 
variis, 13.2-112.4 p diametro x 115.0-666.4 g ; tubulis exeuntibus (1-3 
iminero) quae saepissime extra siipertieiein liospitis longe pertinent. Zoo- 
sporis hyalinis iiiiniitissime graniilatis, ovalibns, sphaerieis, vel parce reni- 
formibiis, 3.2-5.7 p x 2. 9-4.3 p, 2 ^^^i‘Einque c. 3.1 x 4.2 p, cum dnobiis sub- 
aequalibus flagellis a latere prope anteriorem iiartem coniiinctis. 8i)oris ])er- 
diirantibus gainieis, agamicis, vel parthenogeneticis, sphaericds vel ox'alihns, 
22.8-122,4 p (plerunique c. 50.0 x 41.0 p) , briinneis, cum iino (con.,i|)liiribus 
rarins) permagno glol7nlo refringente. Endovsporio cellulosam habente, levi, 
1.0-1, 5 p diametro. Episporio ('ellnlosa eareiite, 1.0-11.4 p, spinis verruci- 
formibns, parvis vel magnis, basi angusto vel lato, fibrillis capilliforiiribiis 
vel cum margine levi, imdiilato vel paullum serrato. Antheridia, cum adsinit, 
contenta in oogoniiim interdinn (non tamen semper) ejiciunt forma zoo- 
sporangiis similia, 1-3 nni oogonio adiunctis, S2)Iiaericis, vel ovalibns, toiiui 
pariete, levibns, interdum in episporio conehisa. Spora perdurans germiua- 
tione ill sporangium transformatur, zoosporis tubula exeimte libera t is. 

Zoosporangia solitary or numerous, usually localized in a terminal or 
intercalary swelling of the host filament, slightly brown and graiiiilai’, en- 
closed at maturity by a cellulose w'all, smooth or covered Avith fine or coarse 
non-celliilose bristles ; spherical, oval, ellipsoidal or elongate, variable in size, 
13,2-112.4 p diam. x 115.0-666.4 p ; one to three exit tubes which may extend 
considerably beyond the surface of the host filament. Zoospores hyaiine with 
numerons small granules, oval, spherical, or somewhat reniform, 2.3-5, 7 p x 
2.9-4.3 pf nsually about 4.2xkl p, wnth two approximately equal flagella 
attached laterally near the anterior end. Resting spores sexual and asexual 
or parthenogenetic, spherical or oval, 22.8-122.4 p (iisnally about 50.0 x 
41.0 p), brown, with several or commonly one, large refringent globule. 
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Endospore composed of cellulose, smooth, 1. 0-1.5 [j in thickness. Exospore 
not composed of cellulose, varying from 1.0-11.4 p in thickness, with warty 
protuberances, small or large, narrow or broad-based spines, liair-like 
fibrillae or Avith an entire, iindnlant or slightly serrate margin. Male cells, 
Avhen present, may or may not discharge contents into female thalliis, sim- 
ilar ill appearance to zoosporangia, one to three attached to one female 
thallns, spherical or oval, thinwAnlled, smooth, sometimes embedded in the 
exospore. Resting spore in germination transformed into a sporangium lib- 
erating zoospores by means of an exit tube. 

Parasitic in Achlya flageUata Coker from a pool on the campus of the 
University of Western Ontario, London, Canada, September 1937. 

It has been shoAin by the author (1939) that the spiny bodies Avhich 
Fischer described as resting spores of Fseudolpidium BapTolegniae and P. 
fusiforme are merely rough Ainlled zoosporangia and that, inasmuch as they 
all occur in monospore cultures of 0. Aclilyaef the sporangial types AApich 
Fischer regarded as diagnostic of his tAvo species cannot be regarded as 
being limited to any one organism. This vieAA^point has been confirmed by the 
subsequent observations of Shanor (1939). Consequently, P. Saprolegniac 
must be recombined Avith 0. Saprolegniae Aidiile P. fusiforme and 0. minor 
must be recombined under the original name, 0. f usiformis^ as Shanor has 
already suggested. Pseudolpidimn stellatum aa^s described by Sawada in 
1912 (Tokuiiaga 1933) Avhen he obseiwed resting spores, similar to those of 

O. minor but AAuthout adjacent cells, oeeuiTing frequently in association AAuth 

P. fusiforme. In aucaa ’ of our observations on 0. Achlijae it seems advisable 
to combine this species also AAuth 0 . fusiformis and to consider the latter as 
a sexual-asexual species. 

Oipidiopsis Aphanomycis AA’as originally described by Cornu (1872) and 
included as a member of the genus although he did not observe resting 
spores. Consequently Fischer (1892) transferred this species to Pseudol- 
pjidium as P. Aphanomycis. Dangeard (1891) illustrated a resting spore of 
0. Aphanomycis AAdth no adjacent cell. Butler considered this to be the true 
resting spore of P. Aphanomycis. Subsequently, Petersen (1910) described 
sexual resting spores for 0. Aphanomycis and commented on the similarity 
betAAmeii this species and 0. Sa proleg7iiae. B^rvett (1912) described another 
species, 0. luxuriafis, occurring in filaments of Aphanomyces. Shanor (1939) 
has discussed the similarities which exist betAA^een all of these parasites of 
Aphanomyces AAiiich have been rex>orted by Cornu (1872), Dangeard (1891), 
Butler (1907), Petersen (1910), and Barrett (1912) and suggests that later 
investigations may prove that they are all synonymous AA^ith Cornu’s orig- 
inal species. This may be true, but at the present time it seems advisable to 
maintain Barrett’s species and to combine the remainder of the sexual and 
asexual parasites of AA^hich haAm been described under Cornu ’s 

originalname. 0^.' 
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Only one of tlie resting spores wliieli Cornu (1872) illustrated tor 0. 
iiicrassata possessed an. aiitlieridial cell. Consequently Fischer (1892) tenta- 
tively transferred the species' to as P. ‘i/ncrassata. Since that 

time Sparrow (1933) has rep>orted P. incrassata, while Petersen (1910) (con- 
siders this species as synonymous with P. Baprolegniae. Maiii‘izio (1895) 
claims that the resting spores of 0. mcrassafa are identical with tiiose ot 

O. major. It appears that Cornu (1872), Maurizio (1895), and Sparrow 
(1933) were dealing with the same organism. Accordingly tlie a,utlior pro- 
X^oses to eonihiiie P. incrassafa and 0. major, which has not been observed 
since its descrix>tion, under Cormih original name, 0. rncrassatay and to 
consider the species as one which x^roduces sexual and asexual resting sx)ores. 

Pseudolpidiuin Pythii and P, graeile, as described by Butler (1907), 
X^ossess relatively thin- walled resting spores covered with fine sxiines. Very 
little is known of these species, altliough each has been observed since But- 
ler’s time. The resting sx>ores of these sx')eeies, as they are illustrated in the 
literature, apx")ear very similar in api:)earance to spiny zoosporangia. Until 
they are re-collected and critically examined, these species ma,\^ be trans- 
ferred to Olpidiopsis as strictly asexual species. 

Pseudolpidiam glenodhiianmn and P. Sphaerifae (Pischer 1892) and 

P. deformans (Serbinow 1907), of which no resting spores are known, may 
be transferred to the genus Olpidiopsis on the basis of their bifiagellate 
zoospores and maintained as very doubtful sx^ecies until their real identity 
can be demonstrated. 

SUMMARY 

A new species, Olpidiopsis Acldyae, which produces smooth and spiny- 
walled zoosporaiigia and sexual and asexual resting spores, lias been de- 
scribed. The genus P^c/ido^p/ddfm lias been merged witli Olpidiopsis and tlie 
diagnosis of the latter has been revised accordingly. 

l^'ariations in the size and shape of the zoosporangia seem to dexieud 
directly ni>on the amount of nonrishment available to the dexadoping thaJli. 
Noii-cellnlose bristles appear to be formed by a localized deposition of host 
lirotoplasm upon the surface of the incipient zoosporaiigiiiin. 

Evidence has been presented in sui>port of the view that the (‘xosporiy 
whieh, in contrast to the endospore, is not comx^osed of cellulose, is formcHi 
by a localized deposition of host i^rotoplasm upon the surface of tlie pa-i‘a,sitc 5 . 

Kesting spores, which have been describexi as characteristic of several 
species of Ay are commonly simulated in pure cultures of 0. 

AeMyae. The marked variability of ; the exosx>ore in this sx)eeies iiidieates 
that it is not a suitable diagnostic character upon which to base specific 
distinctions. ' . 

Pusions between thalli^ a in no way essential to the formation of rest- 
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iiig spores by this species. 0. Achlyae is, apparently, haplosj^noeeioiis, and 
sex, when present, is plieiiotypically determined. 

This study of jiiire eidtures of 0. Achlyae clearly indicates the need for 
a critical re-exciniination of all species of Oljndio'pslsj which, for the most 
part, Iiave been very inadequately studied. 

The writer wislies to express his appreeiatioii and thanks to Prof. John 
S. KarJing', under whose direction this investigation has been carried on, for 
his generous assistance and stimulating criticism; to Prof. Helen Berdan, 
wlio provided the original cultures from which this species was isolated ; and 
to Prof. J. N. Couch for the identification of the species of Achlya, Cour- 
tesies extended by the writer’s colleagues on the Botany faculty of Dart- 
mouth College have greatly facilitated the completion of this stiid^x 
Department op Botany 
Columbia University 
New York, New York 
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NEW OR NOTEWORTHY SOUTH AMERICAN 
ERIOCAULACEAE 


Harold N. Moldenke 

Recent collections of Soutli American plants sent to the writer for deter- 
mination have brougiit to light a number of hitherto iindescribed species and 
varieties in the Eriocaiilaceae and have revealed the desirability of reducing 
a specific combination to varietal rank. 

Paepalanthus Archeri Moldenke, sp. nov. Herba aeaiilis nana; folds 
caespitosis recurvatis linearibiis, ad basini densissime longeque villosis, ad 
apieem ntrinque glabratis; pedunculis stramiiieis 3-eostatis deiisiiiscnle 
longeque piibescentibus ; vaginis subgiabratis, ad apieem oblique lobatis. 

Dwarf stemless herb ; leaves tufted, recurved, appressed to the ground, 
olivaceous, linear, 4—10 mm. long, 0.5-1 mm. wide at the middle, blunt at 
aipex, not fenestrate, very densely long-villous with silky-white hairs at the 
base, glabrous on both surfaces at apex, the basal villosity forming a very 
dense and conspicuous white cottony tuft or cushion at the base of the plant; 
peduncles stramineous, very slender, 3-4.5 cm. long, twisted, 3-costate, 
rather densely long-pubeseent with divergent whitish gland-tipped hairs; 
sheaths closely appressed to the peduncles, about 1 cm. long, twisted, 
many-eostate, subglabrate except for the long-eiliate obliquely lobed mouth, 
the lobe 2-3 mm, long, acuminate and somewhat recurved at apex; heads 
hemispheric, about 3 mm. high and 6 mm. in diameter, densely many-flow- 
ered; involucral braetlets numerous, many-seriate, chestnut-brown (the 
inner ones lighter), obovate or vSpatulate, 1.9-2.5 mm. long, 0.9-1.4 mm. 
wide, rounded at apex, glabrous on both surfaces; receptacle very densely 
long-villous with white hair; reeeptacular braetlets hyaline, obovate, about 
3 inni. long and 1.2 mm. wide, roniided at apex, long-cuneate at base, ap- 
pressed-pilose on the back; staminate florets: long-pedicellate; sepals 3, 
connate at the base only, hyaline, ob ovate-elliptic, about 1.9 mm. long and 
0.7 mm. wide, rounded at apex, densely appressed-villous on the back toward 
the apex ; petals connate into a hyaline, hollow, glabrous, mimitely 3-lobed, 
eglandular tube ; stamens 3, less than 1 mm. long, white ; pistillate florets : 
sliort-pedicellate or siibsessile; sepals 3, connate at base, hyaline, about 1.2 
mm. long and 0.3 mm. wide, obovate, rounded at apex, densely pilose on the 
back toward the apex; petals 3, separate, minute, orbicular, about 0.3 mm. 
long and wide, glabrous, eglandular; pistil about 0.7 mm. long; styles, 
stigmas, and style-appendages 3 each, wdiite, 

Brazil — minas geraes: Serra do Cipo, alt. 1800 m., WiZhum Andrew ^ 
Archer 3677, August 5, 1936, type; in the United States National Her- 
barium at 'Washington. 

Paepalanthus Killipii Moldenke, sp. iiov. Herba peremiis ; caule elongato 
folioso stolonifero ; foliis imbricatis graminoidiis subaeiitis integris utrinqiie 
sparse obseiireqne puberulentibns et plusminiis albi do-pilosis, glabreseentiWs 
nitidis ; vaginis adpressis sparse piloso-hirsutulis, ad apieem oblique lobatis ; 
peduiiculis teniiibus numerosis ereetis stramiiieis 2-costatis giabris nitidis; 
capitulis einereis. , 


67 



68 


BULLETIN OP THE TORREY CLUB 


[VOL. (58 


Perennial lierb; stem slender, elongate, to 17 or more em. long, d ecu in bent 
at base, erect at apex, leafy; abbreviated branches issuing from the stein near 
its base in stolon-like fashion, bearing diminutive young '‘plants’- with very 
narrow leaves, 2 or 3 abbreviated peduncles, and tin>^ feAV-flowered lieads; 
leaA^es (on normal plants) overlapping, grass-like, oli\niceoiis, 3 . 5-7 cm. long, 
1 . 5-7 iiniL wide (usually 5-7 mm. Avide), subacute at apex, entire, spai'sely 
and obscurely puberuleiit on both surfaces, Avith scattered long and Avldtisli 
pilose hairs interspersed, especially toAAmrd the base, glabreseent in age, sliiny 
on botli surfaces, not fenestrate, maiiy-nerved ; sheaths tubular, closely ap- 
pressed to the peduncles, 3-5 em. long (smaller on the basal stolons) , sparsely 
pilose Avitli long, scattered, Aveak, whitish, hirsntulons, spreading hairs, more 
densely so at the oblicjiiely lobed mouth, the lobe 2.5-4 mm. long, atteiiuate at 
apex; peduncles slender, niimerons, about 50 per plant (except on tlie basal 
stolons), erect, 9-27 cm. long, stramineous, 2-eostate, glabrous and sliiny 
throughout; heads liemispheric, asliy-gray, 3-6 inm. in diameter (nuudi 
smaller on basal stolons) ; involucral and reeeptacular bractlets similar, ob- 
long or obovate, dark-broAvn or blackish, about 1.2 mm. long and 0.7 inm. 
Avicle, rounded at apex, glabrous on both surfaees except for a tuft of sliort 
erect hairs at the a^iex ; receptacle densely long-vilions ; staminate florets : 
short-pedicellate ; sei:>als 3, very slightly connate only at tlie very base, dark- 
broAVii, obovate, about 1 inm. long and 0.7 mm. Avide, rounded at apex, 
glabrous on both surfaees; petals connate into a hyaline, hollow, glabrous, 
eglandular, minutely S-lobed tube; stamens 3, about 1.4 mm. long, wliite, 
glabrous ; pistillate florets : very short-pedicellate ; sepals 3, connate only at 
the very base, oboA^ate, dark-broAvii toward apex, about 1.4 mm. long and 0.6 
mm. AAude, rounded at apex, appressed-villous on the back; petals 3, free, 
liy aline, narroAvly oblanceolate, about 1.4 mm. long and 0.4 mm. Avide, 
rounded at apex, densely long- villous; pistil about 1.4 mm. long, glabrous; 
styles, stigmas, and style-appendages 3 each, glabrous. 

Colombia — santander sur: Eastern Cordillera, Mesa de los Santos, 
marshy land, alt. 1500 m., Elhivorih Paine Killi’p cO Albert Charles Smith 
15, betAA^eeii December 11 and 15, 1926, type; in the ITiiited States 
National Herbarium at ’Washington. Named in honor of E. P. Killip. 

Paepalanthus lodiculoides Moldenke, sp. noA^ Herba ])erennis; (oudis 
abbreviatis lignosis eaespitosis densissime albo-vitlosis vel -toraeutosis ; fotiis 
linearibus densissime imbrieatis valde adpressis glabris; pediuuuilis grjicil- 
limis abbreviatis sparsissime pilosulis vel glabris; capitulis solitariis. 

Perennial herb, very densely tufted; stems apparently much abbrevifited 
and AAUody at base, 1 or 2 eni. long, very densely white-A^illous or -toineMtose 
Avith long cotton}^ hair which completely hides the stem and almost liides tlie 
leaA^es; leaves very numerous, linear, about 2 mm. long, closely appressed 
to the stem and very densely imbricate, glabrous, blunt at apex; no venation 
obvious on either surface; peduncles solitary, terminating the stem, very 
slender or subfiliform, 5-6 mm. long, very sparsely Avhite-pilosulous or 
glabrous and shiny ; heads solitary, hemispheric, about 2 mm. in diameter, 
few’-flowered; involucral bractlets 2 or 3, ovate, about 2 mm. long and wide, 
acute at apex, briinneous, glabrous, shiny • staminate florets : sepals 3, firm 
and rigid, dark-brown or blackish, elliptic, about 2 mm. long and 0,7 mm. 
wide, acute or short-acuiminat^ at apex and bearing a dense tuft of villous 
erect hairs on the back at the apex ; petals united into a membranous 3-lobed 
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tube about 1.5 mni. long, tbe lobes sharply acuminate or apieulate, glabrous; 
stamens 3, exserted; pistillate florets: sepals 3, practically separate to the 
base, elliptic, dark-brown or blackish, firm and rigid, navicular, about 2.2 
linn, long and 1 niin. wide, sharply acute at apex, very densely villous Avith 
an erect tuft of Avhitish hairs at the apex on the back ; petals 3, separate, el- 
liptic, iiavieiilar, about 2.2 inni. long and 0.8 min. Avide, firm, sonieAvhat stra- 
iiiineous, subtranslucent, subacute, eglandular, densely white-villous AAuth, 
erect AAdiite hairs from the middle to the apex ; OAmry conspicuously 3-lobed, 
about 1 mm. long and AAude, glabrous, plainly 3-celled; style-branches 3, 
linear, about 1.2 mm. long, AAdiite, papillose at apex ; stigmas 3, linear, about 
1.4 mm. long, simple, unbraiiched. 

Colombia — boyaca: Cordillera oriental, Nevadodel Cociiy, high Amlley 
of Las Lagunillas, alt. 4000-4300 in., Jose Cuatreeasas 1537 , September 12, 
1938, TYPE ; in the United States National Herbaiduni at Washington. 

Paepalanthus paramensis Moldenke, sp. iioal Herba acaulis; foliis 
eaespitosis graminoideis Amide Aulloso-pilosis ; Amginis late cylindrieis sub- 
glabris xel sparsissime pilosis, ad apicem subtruncatis undulatis ; peduneiilis 
mediocriter tenuibus, versus apicem dense villoso-pubeseentibus, Amrsus 
basim glabrescentibus ; capitulis eompositis griseis. 

Stemless herb; leaves tufted, olivaceous, grass-like, 2.5-6 cm. long, 2-6 
mm. Avide, broadest at the base, sharply subulate-tipped at apex, entire, 
abundantly Aullous-pilose with long, AAdiitish, shaggy, spreading hair on both 
surfaces, many-nerved, not fenestrate; sheaths rather broadly eylindric, 
about 2.5 cm. long, subglabroiis or very sparsely pilose Avith A\ddely scattered 
hairs, especially at the apex; mouth subtruneate, almost regular, the mar- 
gins slightly flaring and undiilate-lobed ; peduncles medium-slender, 4-8 
per plant, 5-7 cm. long, densely Adllous-piibescent AAuth incanoiis spreading 
hairs tOAAmrd the apex, much more sparsely so or glabrescent at base; heads 
hemispheric or almost spherical, 1-1.4 cm. in diameter, ashy-gray, com- 
pound, composed of about 6 'smaller sessile heads ; iiwolucral bractlets brum 
neons, broadly oblong or oAmte, about 3.5 mm. long and 3.4 mm. AAude, 
usually 2-lobed at the broadly rounded apex, truncate at base, lightly vil- 
losulous-pilose toward the apex outside; receptacular bractlets oblong, 
about 2.9 mm. long and 1.4 mm. wide, subacute at apex, densely auIIous on 
the back toAvard the apex, AAuth a dense tuft of erect hair at the A^ery apex; 
stainiiiate florets: short-pedicellate; sepals 3, broAAui, connate at the very 
base, oboAmte, about 2.4 mm. long cind 0.9 mm. Avide, rounded or subacute at 
apex, euneate at base, densely AAdiite-villous at the apex on the back Avith an 
erect conspicuous tuft of hair; free portion of petals narroAA^-elliptic, hyU' 
line, about 1.2 mm. long and 0.5 mm. AAude, acute at both ends, eglandular, 
connate at base only, glabrous; stamens 3, about 1.4 mm. long, the filaments 
Avhite, anthers yelloAvish; pistillate florets: short-pedicellate; sepals 3, 
broAAui, obovate, about 1.9 mm. long and 0.9 mm. AAude, siibaeute at apex, 
densely villous on the back Avith a eonspicnous tuft of white erect hair at 
the apex; petals 3, hyaline, free, elliptic, about 0.9 mm. long and 0,4 mm. 
AAude, very densely tufted-Aullous on the back; pistil about 1.2 mm. long; 
styles, stigmas, and style-appendages 3 each; ovary minutely puberulent. 

Colombia — norte de santanber: Paramo del Hatico, en route from 
Toledo to Pamplona, alt. about 2900 m., E. P. 

March 12 or 13, 1927, type; in the United States National Herbarium at 
Washington. 
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Paepalanthus viscosus Moldeiike, sp. iiov. Herba pereiinis; eaiile teimi 
dense folioso bifiircato ; foliis liiiearibus viscidis villosis giabreseentibiis ; 
vag'iiiis adpressis albido-villosis giabreseentibus, ad a/pieeni oblique lobatis; 
pediiiieiilis filif orniibus strainineis 2-costatis densiu>seii 1 e piloso-pii besee ii ti~ 
bus ; cuipitulis griseis. 

Perennial lierb ; stems slender, 1-3 eiii. long, apparently creeping, root- 
ing at the nodes, very leafy, bifui'cate; leaves olivaceous, linear, viscid, 5-10 
mm. long, 0.5 min. wide or less, blunt at apex, sbaggy-vi lions when young 
and toward the base, glabreseent in age, closely imbricate and appressed to 
the steins when yoiiiig, more divaricate in age, 1-iierved, often canaliculate, 
not fenestrate ; sheaths narrow, closely appressed to the peduncles, 6-12 inin. 
long, white-villous with long divergent hair, glabreseent in age, its nionth 
very obliquely lobed, the lobe narrow-lanceolate, about 2 mm. long, slight],y 
divergent, acuminate; peduncles very slender or filiform, strainineous dur- 
ing anthesis, later brunnescent, 2-eostate, hardly twisted, 4-7 cm. long, 
rather densely pilose-pubescent; heads gray, hemispheric, 2-4 mm. wide; 
involucral bractiets stramineous, ovate, about 0.7 mm. long and 0.4 inm. 
wide, acute at apex, glabrous; receptacle densely long-villous ; receptacular 
bractiets oblong, about 1.4 mm. long and 0.5 mm. wide, obtuse at apex, stra- 
mineous in the center, liyaline at the margins, tufted-\^ill()lls at tlie a[)ex on 
the back; staminate florets: short-pedicellate; sepals 3, connate at tlie very 
base only, obovate, about 1 mm. long and 0.5 mm. wide, rounded at apex, 
eiineate at base, tufted-villous at the apex on tlie back; petals 3, connate 
into a h.y aline, hollow, egiaiidular, glabrous, minutely 3-lobed tube ; stamens 
3, about 1 mm. long, white; pistillate florets: sliort-pedicellate ; sepals 3, 
connate at the base only, stramineous, obovate, about 0.9 mm. long and 0.4 
mm. wide, glabrous except for 2 or 3 erect villous hairs ad the apex (or 
densely tufted) on the back; petals 3, free, hyaline, narrow-elliptic, about 1.2 
mm, long and 0.3 mm. wide, acute at apex, tufted-villous ou the back at the 
apex ; pistil about 1.2 mm. long ; styles, stigmas, and style-appendages 3 eaxdi ; 
ovary glabrous. 

Surinam : Sandrij I, Williani A ndrew Archer :28S6 between November 14 
and 25, 1934, type; in the United States National Herbarinm at 'Wasbington. 
The collector describes the leaves as sticky. 

Syngonanthus caijlescens (Poir.) Euld. var. angustifolius IVIoldenke, 
var. nov. Ilaec varietas a forma typica specie! reeedit foliis longioris an- 
gustioris 2-3.5 cm. longis, 0.5-2 rnm. latis, ad apicem attemiatis argute aiuitis. 

Tin’s variety differs from the typical form of the si)ecies in its iiniformly 
longer and narrower leaves, which are 2-3.5 cm. long and 0.5-2 mm. wide, 
gradnally attenuate to the sharply acute apex. 

Colombia : Los Llanos, Meta, in a bog about 20 km. south and 30'' west oi* 
Oroeiie, alt. about 150 m,, Oscar Ewught April 9, 1939, type; in tlie 
Biutton Herbarium at the New York Botanical Garden. It is said to be a 
common herb in bogs of the Llanos region. The typical form of the species 
is well represented % .9^55 from Magdalena. 

Syngonanthus cAULEscENs (Poir.) Ruhl. var. procerus (Klotzseh) 
Moldenke^ comb. noy. Paspakmthtis Scliomb., Heise in 

;Brit. Guian.:3:'1115.: ;'''1:848..' ; 

7:-,, (The New York'Botanigal Garden, ' 

:: ("7 New York, New York.’ . 
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STUDIES IN THE WORONI-NACEAE— if. THE CYTOLOGY OF 
- OLEIDIOPSIS ACHLYAE SP. NOV. (AD INT.) 

. D. A. McLarty 

(YatH EIGHTY-ONE FIGURES) 

INTRODUCTION 

* * Sexiiality In tlie CliTtridiales was first deni oiistra ted by Cornii (1872) in 
the formation of 01 i)idi apsis resting* spores. This fusion of thalli of unequal 
size has stimulated the interest of many mycologists and has led to the view 
that membersuf this genus may be ancestral to the Saprolegiiiales. ITew criti- 
cal observations, however, have been made on resting spore formation in any 
of these species. Life cycle studies and observations on plasmogamy in the 
formation of resting spores have been made by Reinsch (1878), Fischer 
(1880, 1882), Dangeard (1890), Maurizio (1895), Butler (1907), and others 
for various species of Olpidiopsis, The most complete eytological study which 
has ‘been made on this genus, however, was published by Barrett in 1912. 
•flis studies include observations on the penetration of the host and the de- 
velopmental stages of the zoosporangia and resting spores in three species of 
Olpidiopsis. He has demonstrated that the male and female thalli are muiti- 
nueleate wlien plasmogamy occurs and states that the resting spore, at matu- 
rity', contains many small nuclei. His illustrations of these' stages, however, 
leave much to be desired. Moreover, he has not demonstrated the fate of the 
supernumerary male nuclei which may enter the female thallus from several 

• smaller thalli nor lias he shown conclusively that karyogamy occurs in the 
formation of the so-called sexual resting spores. At that time sexuality was 
lo-oked upon as a well developed; constant ’feature in Olpidiopsis species and 
this may have influenced somew^hat Barrett’s interpretation of certain paired 
nuclei which he obsexw^ed and illustrated. 

IiMsmueh as karyogamy in the incipient resting spores of Olpidiojms has 
not been proven, the true signifieanee of plasmogamy, wdiich has been so 
often observed and discussed, and the importance of species in 

taxonomic eonsiderations remain unknown. Consequently, a general eytologi- 
cal study of 0. Achlyae deis been made wdth particular reference to the for- 
mation of its sexual and asexiial resting spores. 

'■ 75 ■' 
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As reported in a previous paper (MeLarty 1941), cultures of Achy la 
pigellata, parasitized b.v 0. Achlijae, Avere maintained on boiled lieiii]) seeds 
in sterile ebareoal water. Consecutive stages in the penetration of the liost 
and the subsequent development of zoosporangia and resting spores Avere 
studied from the living material in lianging-drop cultures. 

For tlie study of the liighly refractive material Avliicli is eonimoni y ]> res- 
ent in the tlialli of 0. licldyae at all stages of deA^elopment, osmie acid, Sudan 
III, xylene^ and acetone Avere used, AAdiile the cell AA^alls Avere tested for eellu- 
lose AAdtli zinc chloroiodide and Gram’s solution accompanied by sulpluiric 
acid. 

For cytological study of fixed and stained material entire hemp-seed euh 
tures Avere killed in a \uiriety of standard fixatives at full, strength and in 
various dilutions. Dilute fixatives used for 48 hours gave the best results. 
Flemming’s strong and medium solutions diluted to one quarter and Flem- 
ming’s Aveak diluted to one half Avere most Avidely used. NaAvaschin’s fixative 
gaA^e the best fixation of the host protox>lasm. The material Avas embedded in 
paraffin, and sections AA^ere cut 2-4 p thick and usually stained Avitli Heiden- 
hain’s haematoxylin and Flemming’s triple stain. Although the former Avas 
useful in the study of the zoosporangium, it Avas necessary to rely entirely 
upon the triple stain to differentiate the structures and inclusions of' the 
resting sjDores. 

OBSERVATIONS 

The Structure and Germination of the Zoospore. When in motion the 
zoospore is oval, sometimes renlform in shape, and xiossesses tAvo equal 
flagella whieli are laterally attached near the anterior end (fig. la, b, c). In 
swimming the spore travels with a slight SAvaying motion as it turns over on 
its axis in a fashion similar to that described for zoospores of Thraustofheca 
chrra /a and rcrnu? A by Weston (1918) and Conch (1935) , rcsx)e('- 

Explanation of figures 1 - 18 , 

Pig. 1. Zoospores (IraAvu from Jmiig miiterial showing refringent globules and 
A’aenoles in finely granular pi'otoplasm; a-c, zoospores in motion ; c/-//, zoospores at rest 
showing the changes in shape, retraetion of flagella, and amoeboid movements whicdi may 
occur. x l730. E^igs. 2-5. Progressive stages in the penetration of the host by the zoo- 
spore and the entrance of the parasite thallus into the host protoplasm, x 1730. XUgs. 6-8. 
Progresswe stages in the penetration of an encysted AcMya zoosi>ore by three 0. Achlyae 
zoospores. Spore c failed to liberate its contents. Pig. 9, A degenerated Achlya zoospore 
which had begun to germinate in water and into which four 0 . A, c/iL/ac zoospores had 
penetrated. Fig. 10. A germinating 0. AcMyae zoospore A\diose penetration tube failed 
to enter the host cell. Pig. 11, 0. Achlyae zoospores germinating in water in the vieinity 
of Achlya filaments. X 1730. Pigs, 12-15. Progressive amoeboid-like changes in shape 
brought about in a very young thallus by the streaming of the host protoplasm, x 1270. 
I'iGS. 16-17. Young tlialli suspended in the peripheral layer of host protoplasm, x 540. 
Pig, 18, Two slightly oldeiym^ wMeli have taken up a more or less fixed position in, the 
tip of an filament and haA^e begun drawing the host pi'otoplasm about tbem. Some 

localized swelling of the xl c/d j/a filament is evident. X 540. 
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ti\'ely. lypoii eoiiiiiiy to rest, even momentarily, the xoospore tends to assiiine 
a spherical sliape (hy. Ic, e) and at such, time the attaclinient of the fiagella 
a,t one point can often be observed in living' material, although treatment 
Avitli Grands solution or osmie acid is often needed to bring out these details 
sluirply. The protoplasm of living zoospores appears faintlx'' brown and 
sliglitly granular, with, one or several liighly refractive, small bodies Avhich 
give a brilliant fat reaction with Sudan III. In some eases a refringeut body 
is visible at tlie base of the flagella, as Barrett (1912) has reported. 

Zoospores which have been fixed and stained (figs. 44, 45) contain some- 
what ^mciiolate, slightly granular cytoplasm. The most prominent structure 
in tlie spore is the large resting nuelens with a prominent central nucleolus. 
Fairly dense regions in the cytoplasm probably represent reninants of oil 
bodies. 

As tlie zoospores escape from the month of the exit tube they swam directly 
away without show’ing any tendency to encyst as do the spores of Ectrogella^ 
Aphcniornijcopsis, Pythiella, Achlya, etc. After an active period varying from 
a few minutes to one-half hour the spores may come to rest, round up, and in 
many cases retract their flagella (fig. le, /, g). After a period of a few or sev- 
eral minutes, during wliieli the zoospore may assume various shapes (fig. 1/, 
p, h), it regains its spherical shape, the flagella reappear wuthont change in 
position, and the spore swims away. Although one or more rest periods 
occur during the motile existence of the s^iore, diplanetism does not seem to 
be as well defined in 0. Achlyae as in other members of OlpidiopAs (Butler 
1907; Barrett 1912). So far eiieystment of the type found in diplanetie 
Oomycetes has not been observed in this species. It was originally suggested 
by Butler (19()7) that this ocenrrenee of a period of rest during the swim- 
ming period of the zoospores of Cliytrideaceous species may represent primi- 
tive diplanetisin. Supporting this viewpioint, Atkiusou (1909) considers 
diplanetisni in certain species of the Chytridiales and Lagenidiales (Karling 
1939) to be strong evidence of pliylogenetic relationsliips between the higlier 
Oomycetes and tbese simpler fungi. The recent discoveiy of diplanetisin in 
Ectrogella, A'pJuinomyeopm and Pyihiella by Scherffel (1925) and Coucli 
(1935) helps to complete the diplanetie series through Ldgenidium and 
Alyzocytiimi (Zopf 1884) to species of Pythmni (de Bary 1860) and tlie 
higher Oomycetes. At any rate these periodic pauses probably allow the spore 
to remain viable over greater periods than •would otherwise be possible. 
Zoospores of 0. Achlyae have been knowm to remain viable in sterile ebareoal 
for 48 hours. 

After swimming for an hour or occasionally for a niueli longer period, 
the zoospore settles down on the smTaee of the host, retracts its flagella (fig. 
2) , and after exliibiting amoeboicTinotion for several minutes, rounds up and 
becomes invested by a definite wall. The protoplasm becomes greyish and 
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soiiiewliat more granular, and within an hour or less the spore will infect the 
host or die. A very fine penetration tube is formed at the point of eontact 
with, the host (fig. 3), elongates, and usually raises the zoospore slightly from 
the surface of the host. Penetration appears to take place by local dissolution 
of the host wall rather than by mechanical action. It is not possible to view 
the passage of the spore protoplasm through the penetration tube but, under 
favorable conditions, the movement of the iirotoplasm out of the spore ease 
and its emergence from the broken end of the exit tube may be observed 
(figs. 3, 4). After remaining attached for a few minutes, the tiny, slightly 
I'aeuolate thallus is carried away in the streaming host protoplasm, where 
it may be visible for a time before the refringeiit bodies of tlie host siirroiiiid 
and obscure it from view (fig. 5) . 

Fischer (1882) suggested that the host may secrete some substance by 
which the zoospores of the parasite are either repelled or attracted. Zoospores 
of 0. Achlyae^ germinating in water near Achlya filaments, show no ten- 
dency to orientate their penetration tubes in the direction of the host. ^lore- 
over, abortive penetration tubes have frequently been found growing into 
empty zoosporangia of the host, while zoospores in eontact with the host may 
produce long penetration tubes which fail to penetrate (fig. 10). This does 
not appear to be due to rigidity of the wall of the filament, for penetration of 
encysted zoospores of the host by 0. Achlyae spores has often been observed 
(figs. 6-8). 

So far it has been impossible to germinate the zoospores on any artificial 
medium. Spores were often observed, however, germinating in water in the 
vicinity of Achlya filaments (fig. 11), producing long, slender, simple or 
branched penetration tubes which failed to open. Some such spores (fig. 11c) 
appear similar to germinating spores of Diplophlyctis^, Entophlyctis^ Xephro- 
ehytriurn^ and Endochytrium (Karling 1930, 1931, 1938; Hillegas 1940). 
In the limited number of individuals observed in 0. Achlyae it was impos- 
sible, however, to determine whether or not the nucleus migrated into this 
swelling on the germ tube as it does in the species referred to above. 

Development of the Zoosporangiuni, About ten hours after x>enetration, 
tlie young thalli become readily visible as rather hyaline bodies of the definite 
shape, in the peripheral protoplasm of the host. Their protoplasm is very 
faintly granular and a few highly refractive bodies, whieli stain brilliant red 
with Sudan III and blacken with osmic acid, are usually visible (figs. 16, 17 ) . 
At this early developmental stage no structural, cellulose wall could be 
demonstrated by plasmolytic methods or by treatment Avitli zinc ehloroiodide. 
The thalli, lio’wever, are surrounded by a clefinite membrane which sharply 
outlines the parasite and makes it clearly distinguishable from the host pro- 
toplasm. The shape which these young thalli assume foreshadows that of the 
mature sporangium. In this regard the thallus differs markedly from that of 
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Woroniiia species (Goriiii 1872 ; Fischer 1882 ; Cook, and Nicholson 1933 ; and 
others) in which the plasiriodiiim has been described as being* naked and 
quite iiidistinguisliable from, the host protoplasm. T.iie formation of 7^00- 
s]>orangia from nionospore infections, moreover, shows eoiiclusively tliat 
plasniodia are not formed in 0. Achlijae by the fusion of sevei*ai thalti within 
the host cell. This confirms the belief of Fischer (1882) and Barrett (1912). 

During these early stages of development the thalli behave as passive 
inclusions in the host and may be carried back and forth in the streaming 
protoplasm. Deiiending apparently upon the activity of the host protoplasm, 
the thalli ma}^ devekqo near the point of infection or they may be carried 
along and aceiunulated in localized terminal or intercalary swellings (figs. 
18, 19). Fischer (1880), Diehl (1935), and others have maintained that very 
young thalli of OlpicUopsis species may exhibit amoeboid motion. No indica- 
tion of such, activity on the part of young thalli of 0. Achlyae lias been 
found. Some whicii remained stationary against tlie wall of the filament 
while the liost protoplasm streamed rapidly by, exhibited rapid, changes i.n 
shape and became momentarily elongated in the direction of the flow (figs. 
12-15). 

When the thalli could be seen clearly, it was obvious that these movements 
were entirely passive and due to tensions set uj) by the streaming host iiroto- 
plasim 

As the thalli increase in size the fatty bodies increase in number and in 
size and impart a granular, yellowish appearance to the protoplasts wliicli, 

Explanation of figures 19-35. 

F,igs. 19-29. Progressive stages in the development and niaturatlon of two 0, Aciilydo 
zoosporangia, x 630. Fig. 19. Two incipient zoosporangia of 0. Aehh/ae containing :mi» 
inerons, irregular fatty masses. Pigs. 20-21. Progressive stages in tlie dispersal of th(‘ 
fatty masses and tlie eoiieomitant formation of vacuoles in the tlialli. Fig. 22. (loahjsceiua* 
of smaller vacuoles to form larger central vacuoles ; e.vit tube of sporangium A is indicated 
by a sliglit protuberanee. Fig. 23. Hporangia with homogeneously granular })rotop]nsm 
showing the vacuolar tranafonnation.s which occur. Fig. 24. Formation of ccmtrifiigal 
cleavage furrows at rt; and //. Fig. 25. Sporangium A containing zo()S|)ore initials sur- 
rounding irregular vacuolar areas. Fig. 26. S[)orangia in the homogtmeons stage follow- 
ing cleavage during which the lines of demarhation lietween z{)ospoi'e segments are invis- 
ible; the vacuole-like spaces liave regaiued their even margins. Fig. 27, The reappearance 
of the zoospore segments by a rounding up of the individual initials. Fig. 28. JSoospores 
preparing to swarm within the sporangium following the clisappea ranee of tlie vacuole-like 
si^aces. Fig. 29. Mature zoospores swdmming out through the ruptured exit tube of 
sx>oraiigiiiin A '; sporangium B, in the homogeneous stage, is undergoing a period of rest. 
Fig, 30. Incipient zoosxiorangia, in the early vacuolate stage, developing fine bristles on 
their surfaces, x 540. Figs. 31— 32. Very young uiimueleate thalli of 0. Achlyae stained 
with haeinatoxylin. X 1660. FiG. 33. Three young thalli of the parasite floating freely in 
the host protoplasm ; lines of flow indicate that the latter was actively streaming vvheii 
fixation took jilace. X 1660. Fig. 34. A slightly older sporangium stained witli haema- 
toxylm showing resting nuclei suspended in finely granular protoplasm wdiieli exhibits irre- 
gular spaces which were occupied by fatty masses in the living condition, x 1660. Fig. 35. 
A portion of a sporangixiin which was fixed in an early stage of vacuole formation, x 1660, 
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at tlie same time, become surrounded b.v a inembraiie which ^‘i\'es a iiositive 
cellulose reaction witii zinc chloroiodide. In tlie meantime tlie liost iilament 
iisuallc” becomes eiilarg-ed around the tballi, and tlie host protofilasm be- 
comes liiglily vacuolate with radially arraiiired endoplasmic strands ( tiys. 18, 
19) counectiny the peripheral host protoplasm witli, tlie dense layer of de- 
generatin.^' protojilasm immediately surrounding the parasite. As the t ha] Ins 
continues to grow streaming of the host protoplasm may be obser\anl and 
grannies ma.y be seen flowing in toward it from all sides. Finally all tlie \'is- 
ible host protoplasm is absorbed by the thallus. Witliiii the parasite tlie re- 
fringent bodies gradually become broken up and appear as oily droplets 
snsjiended in a more tiomogeneous protoplasm. At tliis stage of development, 
small vacuoles make their appearance in the thallus (fig. 20). xVs tliese 
vacuoles become more distinct they begin to coalesce, wliile tlie disiiersion 
of the fatty material becomes more complete. At this stage tlie protoplasm of 
the parasite appears granular and light brown, in color, owing to the small, 
fatty bodies dispersed throvigbout it. Sudan III when applied to siicli thalLi 
stains the protoplasm brick-brown. Cook and Nicholson (1933) demonsti'ated 
that fatty materia] in Woronina polycifstk became converted into iiroteins at 
this stage. MilloiCs reagent, hoAvever, failed to indicate a similar condition in 
0. AcMyae, 

Up to this point the elaboration and dispersion of fatty material in the 
sporangia of 0. AcMyiie is essentially similar to what has been described in 
most chytrid species. In the latter, however, coalescence of the droplets 
oeeui’s before cleavage takes place. Comsequently the protoplasm becomes 
hyaline and each zoospore I'eeeives one large refringent globule. In 0. Achlya., 
as well as in otiier members of the genus and in. Saprolegniaceous species, the 
refringent bodies do not coalesce and, as a result, when zoospore initials ar(‘ 
delimited, each one includes several tiny droplets whicli im])ai't a granular 
appearariee to the protoplasm. 

Further developmental stages of these two tlialli were observed and illus- 
trated at various time intervals (figs. 21'“29). At 10 :(.)() p.m. vamioles wtua^ 
clearly visible in the thalli (fig. 21). Fusions between vacuoles <)cciirre(l until, 
at 10 :16 p.im, the thalli appeared as illustrated in figure 22. At the same 
time the rndimeiitary exit tube made its first appearance on sporangium A.. 
as a small, hyaline protnberanee and began to grow toward the host wall. 
Fifty minutes later the vacuoles began to undergo ehanges in. shape (fig. 23) 
which continued for fourteen minutes before the cleavage furrows began to 
rim out from the vacuoles to the plasma membrane (fig. 24r,u/). 

At this point our observations differ from those of Schwarze (1922) for 
0. in that the spaces previously occupied by the vacuoles did 

not disappear when the cleavage furrows cait throiigh. tlie plasma niembrane, 
Coiisequently, for about one minute following the completion of eleax'age. 
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the zoospore iiiitials remained faintly visible flanking the irregular vacuolar 
spaces (fig. 25 A). Then, as the protoplasm became homogeneously gran- 
ular and somewhat oleaginous, the outlines of the zoospore initials disap- 
peared and the vaeuole-like spaces regained their even contours (fig. 26^, 
i>) . During the process of cleavage there was no indication of loss of water or 
fatty material from the spore segments comparable to what Harper, Bold, 
and others describe. The disappearance of the lines of demarkation, however, 
is probably due to increase in size through rehydration as Harper (1899, 
1914), Sehwarze (1922), and Karling (193Tb) have described. 

While these developments were taking place within the sporangiiiin, the 
exit tube continued to grow until it came in contact with the host wall (fig. 
24) . Subsequent growth of the tube caused the sporangium to shift its posi- 
tion in the filament although the latter remained free in the hyplia and did 
not become lodged against the opposite wall. Consequently, the tip of the 
exit tube could not exert pressure on the host wall. Furthermore, no appres- 
soriuin-like attachment organ, which might have allowed the tube to pierce 
the filament niechanically, was observed. Tlie liost wall appeared to dissolve 
at the point of contact with the exit tube and the latter moved tiiroiigli to 
assume the position shown in figure 25A. 

Sporangia in the condition illustrated in figure 26H, B may undergo a 
prolonged rest period before liberating their zoospores. That the segments do 
not become confluent during this rest period, as Biisgen (1882) and Butler 
(1907) believed, may easily be demonstrated by slightly plasmolyzing spor- 
angia in this condition. 

After a rest period of 43 minutes the spore segments became visible 
again (fig. 27), Twenty minutes later the vaeuole-like spaces suddenly dis- 
appeared and the spores, becoming somewhat larger and assuming their ma- 
ture shai,)e, began to swarm in the sporangium (fig, 28). After a swarming 
period which lasted only for three minutes the tip of the exit tube burst and 
the zoospores emerged fully formed and swam away (fig. 29A). The si>ores 
iiuiy swarm in the sporangium for thirty minutes or more. 

The first spores to leave the sporangiiiin seem to be forcefully ejected by 
pressure within it sufficient to burst the exit tube and to expel an initial mass 
of spores a considerable distance from the end of the exit tube. It has been 
noticed that bacteria tend to accumulate around the tips of newly oiieiied 
exit tubes and subsequently to infest the empty sporangia. This suggests the 
presence of some attractive, hyaline osmotic fluid in which the spores have 
been bathed. Karling (1937a) observed similar hyaline material aeeompaiiy- 
ing the zoospores of EndocliyiTimm operculatum as they emerged from the 
sporangium. . 

As has been pointed out above, the piereing of the plasma meinbx*ane by 
the cleavage furrows in sporangia of 0. AcMyae does not lead iBimediately 
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to tlie loss of the vacuolar sap and the (jonseqiieiit disappearance of tlie 
vacuolar spaces. Bold (1933) likcAvise illustrates a vacuole-like space siir- 
I'oiinded by mnltiniicleate segments of protoplasm wliich luive been cut out 
by the primary cleavage furrows in FrofoHiplion hotryoidcs. As is shown in 
hgiires 41 and 42 from stained materiah neither a continuous plasma, inein- 
braiie nor a tonoplast bounding the vacuole-like spaces is demonstrable after 
cleavage has been completed. In spite of this, the sporangia of 0. Achlyae 
have been found to maintain their size and, Avlien the zoospores are liberated, 
have shoAvn eAudence of osmotic, pressure within the sporangium. 

'When fixed and stained, the protoplasm of young, uninucleate tlialli a,p- 
pears finely granular and rather vacuolate (figs. 31, 32). In figure 33 a uni- 
nucleate and a binucleate thallus are shown, witli a, larger tliallus with six 
nuclei whicli is presumably an eight-nucleate stage two of whose nuclei lie 
in another section. This appears comparable to the thalli sliown in figures 16 
and 17. Althougli the margin of the thallus is Avell defined no stnictural wall 
is present at this stage of development. Tlie protoplasm of tlie parasite ap- 
pears to be fairly Auicuolate even tliough no vacuoles are discernible in tlie 
living thalli at this stage. The irregular shape of these vacuole-like spaces, in 
conjiinetion Avith observations on living material, suggests that they merely 
represent the spaces left in the protoplasm as a result of the dissolution of 
the fatty material by the fixing agents. A slightly older thallus, probably 
comparable to tliose shoAvn in figure 19, is illustrated in figure 34. The tliallus 
noAV has a definite cellulose Avail and the finely reticulate protoplasm eon- 
tains many irregular vacuole-like spaces Avhich are presiimably caused by 
the distortion and dissolution of the fatty masses during the process of fixa- 
tion. This is probably the highly vacuolate stage Avldc-li Dangeard (1890) 
describes for 0. Saprolegniae, A stage AAdiieh is probably comparable to tliat 
sliown in figtire 21 is illustrated in figure 35. The liigh degree of dis|)ersiou 
of tlie fatty bodies at this stage of development uiuloubtedly prevents tluA 
distortion of the protoplasin in the course of fixation. Numerous nuclei and 
clearly defined vacuoles are present in the finely reti(uilated ])roto|)lasm. A 
later stage, in Avhich all the vacuoles have fused to form a single, large, cen- 
tral Auicuole, is sboAvn in figure 37. Judging by the rather nniform. (iistribu- 
tioii of the nuclei tliroughont the reticulate protoplasm, sporangia in this 
condition are ready to undergo cleaAmge. In large sporangia AAdth relatively 
smair central vacuoles, primary cleavage fiirroAvs may first cut out lai^ge 
inultiniieleate masses (fig. 38) as in 

CrystaMhm^ Didymtum melanospet'mtim (Harper 1899, 1914) and Proio- 
■ ''siplion hotryoides (Bold 1933). Later uninucleate protophusts are delimited 
by secondary furroAA's. The failure of Schwarze (1922) to believe that such 
mnltimicleate masses may be deliinited may be due to the tliat he ob- 
served cleavage in small thalli similar to those shoAvn in figures 39 and 40, 
It is to be noted in figure 38 that the nuclei are in the process of (livisioii. 
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A smaller sporaiigiiiin with a single large eentral vaeiiole is shown in 
figure 39, in wliieli eleai^age furrows are evident, arising at the toiioplast as 
broad Y-shaped clefts between pairs of nuclei. At a slightly later stage (fig. 
40), the eeiitrifugal furrows have reached the plasma membrane. The uni- 
nneleate segments, bordering the vacuolar space, give the latter a scalloped 
margin similar to that in figure 25A. Sporangia fixed during the rest period 
which follows cleavage are illustrated in figures 41 and 42. Angular, uni- 
nucleate segments surrounding clear areas, which are comparable in position 
to the A’aeiioles of younger thalli, are clearly evident although no tonoplasts 
or plasma membranes are discernible. It is to be noted that in his Figure 39, 
Plate 24, Barrett (1912) has illustrated a similar condition although lie does 
not mention the absence of the tonoplast and describes it simply as a “vacuo- 
late resting condition.^’ 

After this period of rest, the segments shrink and suddenly reappear as 
dense masses of protoplasm. If the earlier stages had not been observed, this 
phenomenon might give the impression of simultaneous cleavage. The errone- 
ous reports by Barrett (1912) and others of cleavage of this type may be due 
to a misunderstanding of this stage. When the vacuole-like spaces disappear, 
the initials enlarge, become somewhat vacuolate (fig. 43), develop flagella, 
and begin SAvarming in the sporangium. 

Nuclear ZlmAmu. Nuclear division in 0. Achlyae is mitotic and, as in 
the sporangia of most of the loAver fungi which have been cytologieally in- 
ATstigated, is simultaneous (figs. 37, 75). In the resting condition the nuclei 
are spherical or slightly oval and contain a centrally placed, deeply-staining 
nueleolus (fig. 46). Nuclei coiitaiiiing definite nucleoli do not usually exhibit 
chromatin reticula similar to those described by Kaiiing (1937b) in Clado- 
chytriuin repUcaium. Delicate strands, which with Flemniiiig’s triple stain 
a])pear blue in contrast to the brilliant red of the niicleoliis, have often been 
observed radiating out from irregular shaped or vacuolate nucleoli (figs. 47~ 
49). In some nuclei with definite, radiating reticula, dense, blue-staining seg- 
ments liave been observed in the periphery of the iiueleoli (fig. 49). 

Tliese observations suggest that the nucleolus in this species fiinetions as 
a storehouse of chromatin like that which has been described by Wager 
(1913), Curtis (1921), Kusano (1907a, 1907b, 1930) in Polyphagus 
JE u gh na e ^ 8y ncJiyM^ N. Pueriae^ and S. frtlgem, Aithough 

definite extrusions, similar to those described by Aliss Curtis, have not been 
seen, the orientation of the chromatin net Avork upon the nueleolus, the 
vaeiiolatioii and differential staining properties of the latter, together with 
the early disappearan.ce of the nueleolus during mitosis suggest, at least, a 
close association of the latter AAfith the formation of the chromosomes. In 
Cladochyfrium replicatum (Karling 1937b) and P7idochytriu)n opercu- 
lafurn (Hillegas 1940) the nueleolus has been found to persist A\"ell through 
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tlie iiietajiliases, ap]iareutlY takin!i»‘ little or no part in tlie elaboration ot the 
ehroinosonies. 

The appearanee of radiatinji' chromatin threads lias been taken to indi- 
cate the begiiiiiing of the jirophases. In later stag*es the chroniatin is e\'ident 
as globular (figs. t50, 52) or rod-like masses (fig. 51.) distributed tlirougliont 
the karvoplasiii. In late prophase the nucleolar material is iisiiall.y absent. 

Goiieoniitaiit with the formation of the ehroinosomes is the prodiu'tioii 
and division of a centrosome-like body similar to that described b>' Harper 
(1895, 1905) for Erysiphe and (fig. 50, 53-57). The cliroinatiii 

material, however, has shown no tendency to be orientated upon these bodies 
nor has any marked development of astral radiations been obserxu^d (dig. 56). 

The chromosomes, at the close of the prophases, become arranged in a 
ring about the margin of the equator of the spindle. In some nuclei tiiis 
arrangement is evident in profile views of the metapliases (fig. 62), ])ut most 
commonly the chromosomes are crowded together and ap])ear as a dark line 
(fig. 61). At this stage the nucleus becomes somewhat elongate and the 
centrosomes at the poles of the spindle are clearly evident. 

Explanation of figures 36-67. 

Pig. 36. A small sporangium containing five nuclei, two of wliich are unusual Iv large. 
X 1655, Fig. 37, A sporangium nearing maturity with a. single large vacuole and reticu- 
late protoplasm with numerous, rather evenly spaced nuclei, x 1655. Fig. 38. Prin^ary 
cleavage furrows delimiting multinucleate protoplasmic masses, x 1170. Figs. 30-40. 
Small sporangia stained Avitli Flemming ’s triple stain showing the origin of the cleavage 
furrows at the tonoplast and their progressive centrifugal development out to the plasnui 
membrane, x 1655. Figs. 41-42. Zoosporaiigia which were fixed during the homogeneous 
stage and stained with haematoxylin. xll70. Fig. 43. Incipient zoospores of 0. Aehljicw 
fixed within the sporangium and stjiined with Flemming’s trii)le stain to show <iistinct 
chromatin masses scattered tbroiigliout the nuclei; nucleolar materijil is present only in 
zoospore A. x2150. Figs. 44-45. Mature zoospores of 0. Aehlyae with conspicuous 
nucleoli witliin the nuclei and very little eliromatie material, x 2150. Fig. 46. fiesthig 
nucleus of 0. Achlyae with a prominent central nucleolus surrounded hy hyaline kjjryo- 
])lasm. X 3100. Fig. 47. An early prophase stage with an irregular nncleolc from wlihli 
faint chromatin strands radiate, x IMOO. Fig. 48. A propliase stage sliowing a elironiatin 
network surrounding a vacuolate luieleole, x 3100. Fig. 49. A proplia.se stage stainod with 
Flemming’s triple stain showing chromatin material aurroiinding a. ruliy red nucleolus in 
which blue crescentic chromatin masses are evident, x 3100. Figs. 50-51. Prophases with 
spherical and rod-like chromatin, masses, respectively, without nucleolar material ; a single 
central body is present on each nuclear membrane. x3100. Fig. 52. A propliase stage 
showing six chromatin masses and two polar bodies on the nuclear membrane. :< 3100. 
Figs. 53-55. Stages in the division of the central liody and the migration of the daughter 
bodies to the poles of the nueleus. x3100. Fig. 56. A propliase stage sliowing polar iHidies 
with a few astral rays. x3100. Fig. 57. A nncleus with central bodies arriving at the jioles 
and with scattered chromatin masses, x 3100. Figs. 58-59. Polar views of equatorial jilate 
stages with six chromosomes arranged in a ring, x 3100. Fig. 60. Polar view of an equa- 
torial plate stage showing six elongate chromosomes, x 3100. Figs. 61-62. Profile views of 
equatorial plate stages showing central bodies at the poles of the spindle, x 3100. Fro, 63. 
An early anaphase stage; a central body is shown at one pole of the spindle. > 3100, 
Figs. 64-66, Progressively later anaphase stages. X 3100. Fig. 67. Late anaphase sliowing 
the elongate spindle with what appears to be a remnant of the nuclear membrane to one 
side,''x„3100.'' 
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111 polar views of the iiietaphases (figs, 58-60) six chroiiiosoiiies in a ring 
liave often been obsei*vecL In all favorable preparations studied so far the 
(ihroiiiosoine iiiiinber has been constant and the same as tlie count which 
Barrett (1912) made for the chromosomes of 0. vexaiis. No indication of 
rediictioii division has ever been encountered throughout tliis investigation. 
It is probable that reduction division in Olpidiojjsis species takes place at 
the time of germination of sexual resting spores. 

The earliest anaphase which has so far been observed, is illustrated in 
figure 63 and the chromosomes, which have separated slightly, form twu 
parallel lines near the equator. Later anaphase stages are showai in figures 
64r~67. Barrett (1912) found that the nuclear membrane in 0. vexans 
disappeared during the late anaxihase stages. The achromatic spindle in such 
ease wmuld be iiitranuclear in origin as in most ehytrid species wliieh liave 
been examined. In 0. AcJilyae the nuclear membrane ina.y be rather indis- 
tinct in tlie metapliases but the nuclear area is sharply set apart from the 
surrounding cytoplasm. Although fragments of tlie membrane may be pres- 
ent during the anaphase stages (fig. 67) the breakdown of the iiiiclear mem- 
brane in 0, Achlyae apparently takes place during the late metapliase stages. 
In the late anaphases the spindle becomes much more elongate (fig. 67), 
forcing the masses of chromatin farther apart. This elongate spindle seems 
to be typical of the louver fungi and has been described by Blackman. (1904), 
Barrett (1912), Wager (1913), Dodge and Gaiser (1926), Karling (1937b) 
and others for various species of chytrids, smuts, and other fungi. 

The formation of the daughter nuclear membranes in. the telopliases wais 
not observed nor were the stages of interphase reorganization of the nuclei 
follo’wed. Jt was found, how'ever, that the nuclei in cleaving sporangia (figs. 
39, 40) and in zoospore segments (figs. 41, 42) w^ere nniform in their internal 
organization and a];)pearanee. It w^as assumed tliat these are tlie daughter 
nucdei of the final nii, clear divisions in the sporangia and that they re]>resent 
telopliasic reconstruction stages. In all such preparations studied, the nuclei, 
when stained with Flemming h triple stain, exhibit chromatin masses about 
the inner margin of the nuclear membrane with some scattered strands 
traversing the nuclear cavity (figs. 39-42). No nucleolar material has been 
observed in any i:)reparations of sporangia in these stages of development. 
The nuclear organization in immature zoospores (fig. 43) is similar to that 
just described although (fig. 43A) indefiiiite bodies which take a faint 
safranin stain have been observed in the nuclei of zoospores wiiieh had been 
fixed while still in the sporangium. Mature zoospores (figs. 44, 45) usually 
contain nuclei wuth large, central nneleoli and little, if any recognizable 
chromatin material. These appearances suggest that the reorganization 
stages are the reverse of the prophases and that the chromosome substance 
becomes largeij^ transfornied into a nucleolus as Bally (1911), Kvisaiio, and 
Miss Curtis have described for species of Synchytrium, 
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Development of the Resting Spore. The early developmental stages of 
the incipient resting-spore thalli appear to be identical vith those of the 
zoosporangia, and it is not until the former have attained considerable size 
that they are distingnishable. In figure 68 a swollen filament containing two 
female thalli, one small male cell, and two ineipient zoosporangia is illus- 
trated. The female thalli are filled almost eompleteh^ with eonspieiioiis, 
highly refractive bodies and are consequently recognizable. The male cell, 
however, is distingnishable from the zoosporangia only by virtue of its 
association with the female thalliis. 

At this stage, previous to the deposition of the exospore, the highly 
refractive bodies in the female cells stain brilliant red with Sudan III, thus 
indicating their fatty nature. 

In fixed and stained material the female cells are easily recognized by 
their staining reactions. Varying numbers of splierical bodies, apparently 
the stroma of fatty masses, are present in thalli fixed at a fairly early stage. 
These bodies, which usually stain brilliantly with crystal violet, are absent 
in zoosporangial thalli. With Flemming’s triple stain these bodies have a 
traiisliieency which sets them apart from the remaining contents of the 
thalli, while with Heidenhain’s haematoxylin they show greater affinity for 
the stain and eonsequently render the preparation difficult if not impossible 
to study. 

A stained preparation of a young female thallus, somewhat younger than 
those shown in figure 68, is illustrated in figure 73. Nuclei in the prophases 
of division are scattered throughout the finely reticulate protoplasm in 
Avhich a few brightly staining bodies, interpreted as the stroma of fatty 
masses, are dispersed. A slightly older thallus is shomi in figure 74 in 
which the protoplasm exhibits a mesh-like configuration which seems to be 
associated with the appearance of fixed protoplasm from which large globules 
of fat or oil have been dissolved during fixation. The exospore is developing 
around this thallus, and numerous granules of the host protoplasm are pres- 
ent. Dark-staining lines of deposition may be seen extending eentripetaliy 
within the exospore. 

Successive stages in the development of the thalli shown in figure 68 are 
shown in figures 69-72. In figure 69 some tendency for the fatty masses to 
increase in number and decrease in size is noted. Hyaline and slightly 
amber-colored amorphous layers have appeared around the female thalli, 
replacing in part the dense layer of host protoplasm. 

In figure 70 all the host protoplasm surrounding the female thalli has 
disappeared and the latter are now enveloped by thick, hyaline layers w^Mcli 
constitute the exospores. In sporangium X several broad-based spines have 
been evolved within the area of the amorphous layer and the outer limit of 
the latter is indicated in part by a faint line joining the apiees of ttiree of 
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tile spines. In the same fijifure the first staji:e in tlie develo])meiit of tlie endo- 
s])()re is visible. This appears to first involve a retraetion. of the j»*raiiidar 
contents from the original Avail to form a Inndine ]a\’er vvliieh eventnally 
l)e<^omes a definite, doiible-contonred wail (tiji*. 71X). The contents of the 
female tlialli ha\a? become more dense and hiiely ^raiinlar by tlie iiroyi’essive 
dispersal of the fatty masses shown in figure 69. The male cell likewise (sni- 
tains numerous small refringent bodies. At this stage the fusion of tlie thalli 
is about to occur. The highly vacuolate condition of tlie male and female 
thalli described by Barrett (1912) has seldom been observed. 

Figure 75 illustrates a haeinatoxylin -stained preparation of a spore eom- 
parable to that sliown in figure 70X. The nuclei are in tlie eijuatorial plate 
stages of division. Vaenole-like spaces are evident in the protoplasm which 
doubtless rexiresent the regions x-ireviously occupied by fatty material. There 
is no indication of the exospore in this preparation. Figures 78 and 79 repre- 
sent incipient sexual resting spores stained witli Plemniing’s triple stain 
Avhieh are comparable to figure 70X of living material. The innltimieleate 
protoplasm of tlie female thalliis shown in hgirre 78 contains iri*egvdar 
A^aeiiole-like spaces, similar to those described above, some of which seem to 
contain spherical bodies which have been interpreted as the stroma of fatty 
masses. These may be the bodies which Barrett (1912) described in the 
vacuoles of fixed and stained resting spores of 0. luxurians. The nuclei of 

Explanation of figures 68-81. 

Figs. 68-72. Progressive stages in tlie development of an asexual resting spore (X) 
and a sexual resting spore (F). x 630. F'ig. 68. Female thalli containing large, irregular 
fatty masses ; tlie male tludlus is similar in appearance to the zoosporangial thalli near by. 
Fig. 69. The male tlialliis remains unchanged wliile the fatty masses in the female tlialli 
X and Y have become smaller and more numerous ; the thalli are suiTOimded by a liyaline 
layer. Fig. 70. The male thalhis eontains numerous small refringent masses while the 
female tlialli contain dispersed, indistinct oil bodies; the liost protoplasm has com|)letely 
disappeared and tlie exospores have completely developed; the eiidospore of resting spore 
X is developing. Fig. 71. Besting spore X has a well formed endospore and is filled witli 
homogeneous [irotoplasm in wliich s|.)lierica] fatty masses are visilde. Odie contents of the* 
male thallus are in the process of moving into the female tlialiiis Y. Fig. 72. Mature 
resting sx>ores are with large, central refringent masses. Fig. 73. A young, multinucleate 
female thallus containing lirightly staining bodies which have been associated with the 
refringent masses of living material, x 1130. Fig. 74. A mnltinucleate partlienogeiietic 
resting sx:>ore of 0. Jchlyae; numerous granules of liost protoplasm surround the ■margin 
of the exospore, wliicli exhibits centripetal radial lines of dexiosition. x 1640. Fig. 75. 
Metaphase pbite stages of division of nuclei in an asexual resting spore, x 1140. Fig. 76. 
An empty, germinated resting spore showing the exit tube, x 620. IfiG. 77. A partheno- 
genetie resting spore showing unusually large nuclei with large chromatin masses, x 1640. 
Figs. 78-79. Inc ixiient sexual resting spores stained with F’lemming ’s triple stain showing 
many nuclei in prophases of division, x 1640. Fig. 80, A sexual resting spore which was 
fixed Just as the contents of the male thallus were moving into the female tliallus. x 1140. 
Fig. 81, A mature asexual resting spore stained with Flemming ’s triple stain showing tlie 
multinucleate, homogeneous, peripheral layer of protoplasm surromiding the central fatty 
mass; the thallus possesses a smooth endospore and a rough exospore. x 1140. 
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both tlie male and tlie fema,le tlialli seem to be in the propliases of di\osioii. 
Tlie content of the former, hoAvever, is badly shrirnken. In hgiire 79 a very 
similar orgaiiization of tlie protoplasts is illustrated. Probably becaiiise of the 
diffieulties involved in securing proper fixation of the female thalli after the 
deposition of the exospore, the nuclei are indistinct and poorly stained. 

The passage of the contents of the smaller tharius into tlie larger is sliown 
in figure 71Y. This process may be completed in a few minutes, altliough the 
passage of the male protoplast into the female cell may take several hours. 
There is little change in the appearance of the protoplasts, although in 71X 
the eoaleseence of the dispersed fatty material has begun in preparation for 
the formation of the central refringent mass of the mature spore. 

Figure 80 represents a sexual resting spore which was apparently fixed 
while the contents of tlie male cell Avere still flowing into the female tharius. 
Prom the region of tlie ‘^fertilization^ pore, distinct radiations may lie seen 
which suggest tliat there Avere lines of floAV in the xiuotoplasm Avlien fixation 
occurred. As may be observed in figures 78 and 79, the nuclei of the male 
and female thalli are similar in. apxiearance. Consequently, tlie.y are indis- 
tinguishable in this preparation. Several pairs of nuclei may be seen but 
such relative positions appear to be fortuitous. So far, the aiitlior lias found 
no indication that the nuclei fuse in yiairs as described by Barrett (1912) 
for 0. vexans. In some resting sxiores unusuall.y large nuclei, which, at first 
might have been regarded as fusion nuclei, Avere observed. Tlie subsequent 
discovery of such giant nuclei in asexual resting spores (fig. 77) as Avell as 
ill zoosporangia (fig. 36) indicated, liOAveA^er, that these are merely artifacts. 

At maturity, the peripheral region of the spore cavity is filled Avith 
homogeneously granular protoplasm with few if any refractive bodies. The 
center of the spore, hoAA^ever, is occupied by a single, spherical refringent 
body (fig. 72 Y) or by an aggregation of many small globules (fig. 72 A^) 
Avhieli, AAdien treated with. Sudan III, gives a brilliant red reaction, indicating 
thatht is composed of fatty material. 

In figure 81, a fixed and stained median section of a mature, asexual rest- 
ing spore of 0. AcMyae is shown. The central area of the spore is occupied 
by the central body which, AAuth Flemming ^s triple stain, apj^ears reddisb- 
purple. Surrounding this, in a layer of liomogeneoiis protoplasm, are numer- 
ous Avell defined nuclei containing blue chromatin masses. The exospore and 
endosp ore, which haAU" been separated by the inierotome knife in the process 
of sectioning, are clearly distinguishable. The endospore shows a marked 
affinity for crystal violet, while the exospore fails to stain Avitli haematoxylin 
and colors very slightly Avith orange G. 

The resting spore, upon germination, becomes transformed directly into 
a. sporangmm' and .liberates' 'zoospores by means, of , an exit tube (fig. 76) in 
a manner similar to that described by Shanor (1939) for 0. imrians. Very 
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few germiiiating resting spores of 0. Achlyae have been observed. Conse- 
quently, no detailed aecoimt of the process of germination can be given. 

Host-Paras tie Eelationship, The penetration of the germ tube into the 
liost protoplasm and the subsequent liberation of the parasitic th alius may 
cause a localized agitation of the host protoplasm. The refringent bodies of 
the host protoplasm often swirl in eddies aroinid the young thalhis (fig. 4) 
and obscure it from view. If this may be taken to indicate a distinct reaction 
between the parasite and the host it is indeed of short duration for, when the 
thalli next become visible in the filaments (figs. 16, 17), they appear similar 
to regular inclusions carried about in the streaming i^rotoplasm of the host. 
A hyaline zone surrounding the parasite, such as Eniiiions (1931) describes 
for Cicvnnol)olus^ has not been observed. No digestion spaces, described by 
Smith (1900), Eice (1934), Aronescu (1934), and others in relation to 
haustoria of Erysiphe, Fiiccinia, Biplocarpon, and other parasitic fungi, have 
been seen in any stage of development. Three young thalli, as they appear 
in fixed and stained material, are illustrated in figure 33. Eesting nuclei of 
the host appear quite normal and may be seen in the imiiiediate vicinity of 
the thalli. No division of the host nuclei in parasitized filaments has been 
observed, but as Couch (1932), Raper (1936), Wolf (1938), and others have 
shown, nuclear divisions seldom occur in the distal portions of oomycetous 
fungi. Consequently, this lack of division stages of the host nuclei is not to 
be regarded as a reaction to the presence of the parasite. Longitudinal strh 
ations in the AcMya, protoplasm, similar to those illustrated by Hiliegas 
(1940), plate 5, figure 71, indicate that streaming was in progress in the 
filament when fixation took place. 

As the thalli increase in size, however, the ^^free floating'' ’ phase is termi- 
nated, and the thalli become relatively localized in the filaments (figs. 18, 19) . 
At this time there is a marked tendency for the protoplasm from ail parts 
of the filament to flow toward and aeeuinulate around the parasites. At the 
same time hypertrophy of the filament, in the immediate vicinity of the 
thalli, usnally becomes noticeable. As the swelling increases in size, vacuoles 
appear in the host protoplasm, and radially arranged eytopiasmie strands 
running from the thalli to the peripheral layer of host plasm may be seen. 
The grannies of the host protoplasm continue to stream into the swollen 
region of the filament. This movement goes on nntii all of the visible contents 
of the entire host filament have been attracted to and absorbed by the 
developing thallus (fig. 22) . 

In some instances the swelling of the filament seemed to be initiated in 
the immediate vicinity of a thallus lying near the host wall (fig. 16). This, 
howeveI^ was by 110 means the general rule.'.'''- , ' 

Inf eetioii with ^0 invariably bring about an appreciable 

enlargement of the host filament. The development of sporangia within fila- 
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inents containing limited amounts ol: \nsible protoplasm often oecnrs witboiit 
sliGAA'ing tile elmraeteristic radial aiTangemeiit of tlie host protoplasm and 
without eausiiig loeali^ied swelling of the filament. Fnrtliermore, in the few 
infet-ted AcJilya oogonia wdrielv were observed, no swelling oi* distoi'tion of 
tlie oogonial cell was detected. This evidence seems to indicate that the x>ara*~ 
site does not cause the liost cell to swell by direcd, stiniiilaf ion. The parasite 
seeins rattier inerel.y to inclnce the host protoplasm to flow toward it and to 
aeciininlate in its vicinity. Consequently, the induction and subsequent 
growtli of the localized swellings aiixiear to be correlated to some degree ■with 
the amount of dense iirotoplasin available in the parasitized filament. The 
similarities wliicli. exist between the formation of these pathological swellings 
and tile develoinnent of incipient zoosporangia of Achlya^ are ratlier sugges- 
tive, In the latter the in:oto]3]asra flows rairidly into the tip of the filament, 
wliicli tlien swells to accommodate tlie increased voliime. Septation oecurs 
and tlie young sporangium is cut off from the ^‘sporangiophore/’ which in 
turn is left almost devoid of optically differentiated pi*otoplasm. In infection 
by 0. Aehlyae^ the protoplasm of the Achlya filament is induced to flow from 
the more remote parts into the region occupied by tlie thalli. The filament, 
consequently, gro-ws in diameter so as to increase its volume locally. No 
septation of the filament oecurs. The walls of the swelling are composed of 
cellulose and api>roxiniate in thickness the walls of normal filaments. This 
suggests that, if the Avail is stretched and becomes thinner as a eonseqiience, 
this is compensated by a local deposition of new wall material. It can be 
shoAVii by plasmolytic methods, however, that the wall of tlie filament is 
somewliat stretched in the region of sneh swellings (Diehl 1935) . 

When infection of an oogonial cell which has been delimited by a cross 
Avail takes place, a clearly defined unit of host xArotoplasm is involved. Tlie 
parasite, unable to attract quantities of protoplasm from other parts of tlie 
filament, is consequently unable to cause any enlargement of the oogonial 
cell. Similarly, parasites developing in filaments wliicli contain limited 
amounts of protoplasm do so without bringing about any appreciable 
sAvelling of the host filament. 

As mentioned ahoA^e, the protoplasm of the host ma.}!" become liiglily vacAU- 
olate in the vicinity of the thalli as the deA^elopment of the SAvelling proceeds. 
DiifTeiioy (1936) maintains that such vacuolization may be the result of an 
effhrt, on the part of the host cell, to revert to a eondition suitable for active 
metabolism. Altliough Dufrenoy 's interpretation seems to be compatible Avitli 
the observations of the Avriter, a thorough physiological analysis must be 
undertaken before any authoritative statement can be made. 

■ ■ 'DISCUSSION-' ■■■ 

Sexual reproduction has now been reported in a large nnmber of ehytrid 
species,, but the eytological details in many ■■■remaih' unknoAvii.' Ilesting' spores 
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may arise after plaiiogamie fusions, or as a result of fusions between uni- 
nucleate or niiiltinucleate male and female thalli wliieh may take place by 
means of fertilization pores, or by the production of conjugation tubes. 
These various types of sexual reproduction, however, do not appear to be 
confiiied to any particular family or genus. In the Syncliytriaceae plano- 
gamic fusions have been described in species of Sijnchiftrium and Micro- 
•inyces by Kusano (1930), Kohler (1930), and Couch (1931). Kusano and 
Kohler believe that sex in S. fnlgens and S. endohioticum is purely relatu’e. 
In species of the family Olpidiaeeae, however, fusions between isogametes 
have been described by Kusano (1912, 1929) for Olpidium Viciac and 0. 
Tnfoln while fusions of uninucleate male and female thalli have been ob- 
served in Monocliytrlm^ Stevensianum and Olpidinm radicide by Griggs 
(1910) and Schwartz and Cook (1928). Planogamic fusions of isogametes 
have been reported in various Rhizidiaceous species by Scherffel (1925), 
while Serbinow (1907) describes fusions between uninucleate male and 
female thalli by means of fertilization pores in Sporophlyctis rosafu. In the 
majority of species in this family, however, the passage of the contents from 
the male into the female thallus takes place by means of a Jong conjugation 
canal similar to that which has been observed for Zygorliizidium (Lowenthai 
1905), Polyphagus (Wager 1913), and others. In the Woroniiiaeeae multi- 
nucleate male thalli of Olpkliopsis {Bavvett 1912; McLarty 1941) fuse with 
multinucleate female thalli by means of a small pore which develops at the 
point of contact between the two thalli. A similar condition has been de- 
scribed for Ecirogella by Scherlfel (1925), while in Pyfhiella fusion between 
thalli is accomplislied by the production of a short eonjugatioii tube (Couch 
1935). 

Almost without exception, sexuality in chytrid species in general does 
not seem to be fixed and definite. In most sj)eeies wliieh have been critically 
examined from the stand-point of sexual reproduction, no evidence of geno- 
typic differentiation of sex has been advanced. In Olpidium TrifoJii, how- 
ever, Kusano believes that planogamic fusions occur only between motile 
cells from different sporangia. Couch (1939) reports iieterothailism in Rhizo- 
phi yetis rosea Pring she dioicM^ but no detailed observations have, 

as yet, been published. 

It has been shown by the author (1941) that in Olpidiopsis Achlyae geiio- 
t.ypie sexual differentiation does not occur. As Barrett (1912) observed for 
species of this genus which he studied, the male and female thalli appear to 
be essentially similar to the zoosporangia, differing from the latter mainly 
in the elaboration and disposition of fatty materiai throughout the later 
stages of tiieir development. Plasmogamy occurs in 0. Achlt/ffc between 
multmucleate thalli. No: m degenerations similar to those described in 
the sexual processes of many of the higher Oomyeetes have been observed 
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in 0, AeJili/ae. Barrett observed wliat lie believed to be stages in tlie fnsioii 
of imelei in resting spores of vexaiis. No indications of kary- 

oganiy in 0. A(Myae, liowever, have been encountered. In tiiis speciies, which 
produces sexual or asexual resting spores, it lias been foiind tliat ^Mkn'tiliza- 
tionf’ is in no way essential to the maturation of tlie female tlialli. At 
maturity, both sexual and asexual resting spores of 0. Achlyae are niiilti- 
iineleate and in germination the spores function directly as zoosporangia. In 
this regard they differ from the uninucleate resting spores of Polyphagus 
Euglcnae (Wager 1913), and opercidafu^^^^ (Hillegas 1940). 

Atkinson (1909) considers that the iiassage of the entire eontents of the 
male thallus into the larger female cell through a pore witliout any indica- 
tion of an antlieridial tube indicates that this is a iirimitive type of sexuality 
rather than a reduced or degenerated form. The nuiltinncleate condition of 
the fusion tlialli, likewise, has been considered primitive by some observers. 
Similarly the series from multiple nuclear fusions in Albugo Bliti to fusions 
between single pairs of nuclei in A. mndida has been considered as exempli- 
fying within a single genus the evolution which has gone on from coenogamici 
fusions toward the condition which is commonly found in tiie Iriglier ooiiiy- 
cetes. In our present stale of knowedge, however, true sexuality may or may 
not exist in species of Olpidiopsis, 11 iitii karyogamy is definitely demon- 
strated in the formation of sexual resting spores of this genus w-e can do no 
more than speculate on the relationships between Ol^ykUopsis and the higher 
fungi. 

SUMMARY 

The infection of the host by the zoospore of 0/ptdfnp.vN AeJilyae is 
aeeomplished by means of a delicate penetration tube. Each uninucleate 
protoplast thus introduced develops independeutly into a inultinucleate 
thallus. 

Cytokinesis within mature multiiiueleale zoosporangia is carried out by 
centripetal cleavage furrows which develop progressively from one or more 
centrally placed vacuoles. Biflagellate zoospores emerge fully formed from 
one or more exit tubes. 

Nuclear division in Olpidiopsis AcMyae is mitotic and simultaneous. 
The large nucleolus seems to function in the elaboration of the chromosomes. 
Altliough central bodies are present at the poles of the intra-nnclear spindle, 
distinct astral radiations are seldom visible. The chromosome number is six. 
Meiotie division has not been observed. 

The early developmental stages of the resting spore are similar to those 
of the zoosporahgium. Subsequently, however, the resting spore thallus dis- 
'tinguislies;;itself by the. elaboration of -large -quantities' of 'fatty' material,. At) 
ihaturi'ty the'resting "spore ''contains' a large; centYaliy 'plaeed'''refringent' .body! 
surimiuided by a multinueleate layer of slightly granular protoplasm. 
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Before tlie develop iiieiit of the resting spore of Olpidioims Achlyae 
fusions between tAvo or more innltiiiucleate tlialli may oeciir. KaryogaiiiAy 
iiOAvever, has not been observed. 

At maturity, the resting spore functions as a zoosporangiiiiii, liberating 
zoospores directly by means of an exit tube. 

The thalli of Olpidiopsis Achlyae seem capable of attracting and subse- 
quently absorbing the protoplasm of the entire infected filament. The 
SAvelliiig of the host cell, which usually occurs in the immediate vicinity of 
the parasite, seems to develop as a result of this local aecumulatioii of excess 
host protoplasm rather than in response to a direct stimulation of the host 
by the parasite. 

The Avriter AA’ishes to express his appreeiation to Professor John S. 
Karling, under Avhose supervision this investigation Avas conducted. 
Department op Botany, Columbia Unwersity 
Neav York, New York 
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STUDIES IN THE ERICALES. A DISCUSSION OF THE GENUS 
BEFARIA IN NORTH AMERICA 

W. H. Camp 

INTRODUCTION 

Befaria^ like many woody genera present in North ilinerica, lias its 
greatest aeeimiiilatioii of species in South America. In consequence, one 
hesitates to under take a critical study of the North American forms with- 
out having first solved the complexities of the genus as it occurs in. South 
America. Owing to present world conditions and the concomitant difficul- 
ties of travel and specimen exchange, Auirioiis critical collections cannot be 
examined, I^Inch forces postponement of the nomenclatural phase of the 
problem as it relates to the South American members of the genus. How- 
ever, suffleient specimens are at hand to enable one to arrive at some eonelu- 
sioii about the morphological archet 3 qies of the group as Avell as their distri- 
bution. Therefore, in order to understand those of our own species which 
are taxonomic albv troublesome, an attempt is here made to fit them into the 
species-pattern of the ancestral forms entering the area. While this proce- 
dure does not make the identification of my particular speeiineii any easier, 
it does bring to our study a certain perspective not otherwise obtained. 

It is evident that the genus Befaria has not, in some characters, advanced 
nearly so far as others of the Ericaceae; that, while it is not to be thought of 
as ancestral to its relatives, it ,yet retains certain of the floral sruetures 
which must haA^e been characteristic of the primitive Eriealean type. In 
addition to discrete rather than fused corolla segments, the character per- 
haps most indicative of a retained primitive condition is the often variable 
number of flower parts in each e,vele, this in itself being an indication, that 
the basic genetic jiattern is neither rigidlj^ controlled nor liighly evolved. 
A further indication of primitiveness is the presence, in many species, of a 
glandular pubescence on various plant organs, a feature cciinmon to the 
majorit.y of the more primitive members of various groups of tlie Ericales. 

It would appear that during the Early Tertiary or perhaps even the. 
latter part of the Cretaceous the genus had much tlie same general distribu- 
tion as today, but it is probable that the number of species Avas comsiderably 
less than that recognized in the most recent monograph.^ It is also appar- 

1 Tile question as to wlietlier the spelling should he Befaria or Bejaria is not taken 
Tip here; it is of no importance in the present discussion, the two being considered only 
variant spellings of the same name. For those interested in such matters, reference may 
be made to Small, K. Am. Flora 29: 35. 1914 (Befaria) y Fedtschenko and Basilevskaja, 
Bot. Gaz. 85: 299. 1928 (Bcyana) ; Sprague, Kew Bull. 1928: 347. 1928 (Bejaria) ; Maixs- 
feXd and Sleunier, Notizbl- 12: 242. 1935 (Bc/ana) ; as well as the earlier writers cited 
by these ahtliors,...'^ -'T' ■■■ '' ' 

a Maiisfeld, E. & Sleumer, H. Bevision der Gattung Ec/aHa Mutis. Notizbl. 12: 235- 
276. 1935y - ' , ■ , ■ 

" ^ 00 - ■■■■ 
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ent t il at both during and subsequent to the various orogeiiie and subsidence 
cycles of the Middle and Late Tertiaiy the distributions of various basic 
species of the genus were disorganized. 

BEFARIA IN' THE UNITED STATES 

111 a genus where specific lines are often difficult to deterniinej the lack 
of individual variability is perhaps the most striking feature of B, raeemosa 
Vent., a species fairly abundant throughout much of Florida, with casual 
outliers in Georgia and a single specimen (doubtful) from '‘'Mobile’’ [Ala- 
bama 1] {Cozzens in 1826). In fact, the specimens are so nearly similar 
that one might suspect that they all came from the same clone. 

The stable condition of B. raeemosa is probably due to its long isolation 
from any other of the Befarian stocks. Only recently have students of the 
flora of the southeastern coastal plain of the United States realized that a 
portion of Florida has been emergent since at least the Oligocene. It is 
becoming continually more obvious that this island, for a considerable 
length of time isolated from both the mainland to the north and the main 
mass of Antiilia (but connected wdth this latter mass during the Eaidy 
Tertiary), has played an important role in the composition of our present- 
day southeastern coastal plain flora. 

Prior to the Oligocene the exact story of this relatively small bit of land 
is obscure but, being connected with the western portion of Antiilia prob- 
ably during at least the latter part of the Cretaceous, this area (now part of 
Florida) was one into which the early tropical and subtropical lowland 
floras could migrate. From the Oligocene until the late Pliocene, or even the 
Pleistocene, it was an island separated from the mainland of North America 
by several hundreds of miles of open ocean. Thus, lying on the outer fringe 
of the primary Befarian dispersal and, from at least the Oligocene to the 
Pleistocene having been isolated on a comparatively small island, it is only 
natural that Befaria raeemosa should be practically homozygous and there- 
foiT^ inoiifliologieally stabk^^ 

BEFARIA m THE CARIBBEAN 

Tliroiighoiit at least part of the Tertiary, Antiilia was joined with both 
South America and Central America. But this great land mass, wuth its 
east- west-trending ranges of mountains, was on the outer fringes of the 
distribution ol Befaria and, as a result, held only a small segment of the 
genus. Today, we know only one species from the interior of the Antillean 
area, Befaria cuhensis Griseb., from western Cuba. However, it is possible 
that subsequent exploration on the higher peaks of Oriente in Cuba, or even 
in Hispailola, may uncover material as yet xinknown to us. B, culensis, 
although today a distinct and reasonably stable species, is reminiscent of the 
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Verieziielaii and Coloiiibiaii B. ledifoUa H. & B., and seems to have Imd 
j^eiietit- eoniieetioii with it in tlie past. It is also possible that the tendency 
for revolute leaves in nmny of the South American forms may liax'e l)e(‘n 
dei'ived. from tliis seginent of the older Befaivian eomplex. 

THE PROBLEM IN BEPARIA 

If we noAV turn our attention to the bulk of tlie known Mexican sj)ecies 
and those sontlnvard into South, America, no sucli stability of inorpii<)l()yical 
eharacters is to be noted as was found in B. racemosa. Nevertlieless, if we are 
ultimately to understand the genus, if we are to rationalize our lU'esent 
nomenclatural system with the fundamental biology of tlie group, avc must 
first arrive at a rather dehnite concept of its primitive biotypes as well as 
tlieir distribution. It is to be admitted that, for the present, a complete jiiro 
tore of tile genus is impossible, simiily because certain critical areas are in 
need of considerable exploration. Nor am. I as yet ready to commit myself 
in a definitive manner concerning tlie exact xiattern of speciation u’itiiin tlie 
South American portion of tlie genus. 

However, it is apparent that there have been several evolutionary trends 
in Befaria. One was a reduction of the more primitive, loosel\^ fiowei*ed, 
raeemose-paiiieulate t.yi:)e of inflorescence to a more compact and congested 
inflorescence. Others are the loss of the primitive type of Ericalean puhes- 
cence which resulted in a glabrous plant, and the introdiietion of revolute 
margined leaves. These evolutionary trends appear to be completely inde- 
pendent of each other. From this standj.K)int, it would seem tliat, after tlieii* 
earlier partial stabilization, the primaiy species-pop iilati on s have, in certain 
areas, been mixed. This has resulted in a series of hybrid swarms of com- 
paratively recent origin; eomplex populations of plants, the individuals of 
wiiieli appareutly defy arbitrary placement in traditional taxonomic cate- 
gories. 

THE ARCHETYPES OF THE MEXICAN UPLANDS 

Of the Mexican species of Befaria here recognized, only two seem to l)c 
representatives of an early dispersal.'^ Tlie remaining ajipear to be ol‘ moi’e 
recent origin. 

It is possible that an additional species may yet be collected in Mexico, and atten- 
tion slionid be called to the following: In December, 1936, I traveled from Veraes-uz to 
Oaxaca by way of Orizaba. Before the mountains were reached and while yet in the tierra 
ealmite of the State of Vera Cruz, the train passed through a few inland swamps wlierein 
some shrub with conspicuous dowers was occasionally seen. In one of these areas the train 
was traveling rather slowly and I was able to note the habit of the plants growing nearl)y. 
This shrub apparently was a species of /ic/arta. Unfortunately, I was unable to visit 
this area on my return in 1937; neither have I seen specimens from this region aor, so 
far as I can learn, have any been colleeted. These plants most certainly were not rncaii- 
cana, having, if my inemory can be trusted, an indoreseenee somewhat intermediate be- 
tween the paniculate type of and the racemose appearance of B. raeemcm, . 
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Of these basic species/ the first to be coiisiclered is Befaria mexicana 
Bentli. Til is species ranges in Mexico from Durango [?] {Seeniann 2130 is 
so listed \yy Mansfeld and Slenmer) and Zacatecas (Hartweg 92, type coriee- 
tioii ) soiitliAA’-ard and eastward through the Sierra Madre of Jalisco (J/c.:r?a 
1840} and Guerrero {Mexia 8956 ; Hinton 14106, 14200, 9935, this last in 
Herb. Field Miis.) to Oaxaca {Conzatti 2530, N. Y. and Herb. Field Miis., 
4355 : and ScJiidtes cf BeJiO 939.) Material from the northwestern part of 
the range apparently has larger corollas (zb 3 cm. long) and is more con- 
sistently pubescent than that in Oaxaca, being thus closer to the typical 
form. 

The other primary type with which we are coiiceriied in Mexico is the 
material Avhich has been formerly referred to Befaria laevis Benth. In their 
recent study, Mansfeld and Slenmer (l.c.) have noted that the Mexican B. 
laevts and the South ximeriean B. glanca H. & B. var. typica Maiisf. & 
Sleum. are difficult to distinguish. In addition, they admit that the primary 
eharaeter (the leaf apex) which they use to separate these species is not 
reliable. I would go even farther and say that I am unable to differentiate 
tlie genetically uneontaminated Yenezuelan and Mexican material of these 
two species. Consequently, I am led to the eonelusion that the Mexican mate- 
rial, by previous authors placed in B. laevis Benth. (1840), should be trans- 
ferred to the earlier B. glauca H. & B. (1809). 

It might, naturally, be argued that a species should not have so disjunct 
a distribution, but it is well to recall that (even among the Ericaceae) Be- 
faria is an old genus and that much of the area of its early distribution has 
been subject to extensive diastrophic activity and consequent fioristic dis- 
turbances. Therefore, it is altogether likely that B. glanca has been lost from 
parts of the area where it once grew. 

If we examine the known distribution of B. glanca in Mexico {B. laevis 
of previous writers) we find that it extends from Chiapas {Purpus 10285; 
Matuda 2589) into Oaxaca (Hartiveg 478, type coll, of B. laevis; Glides- 
hreghi 31, type eolL of B. GhieshregJitiaMa; m Schiiltes 677). Mansfeld 
and Slenmer (he.) list additional specimens from Guerrero and Hidalgo, 
but ScJinUze 468, the one cited by them as from Guerrero, with white flowers 

Oeciirriiig !is they do in the lowlands rather than in the moioitains, the identity of these 
plants remains an interesting problem, the solntion of which may shed considerable light 
on the early northward dispersal of this genus, for these same lowlands are phytogeo- 
gra|'>hieally connected with the western x>arts of ancient . AntilUa. In this connection, it 
is well to remember that, although the genixs consists mainly of mountain forms, B. 
c/rOea,si.s' and ii. racmo.sa are found only near seadevel. 

^ Unless otherwise noted, the specimens here cited are in the Britton Herbarium of 
the New York Botanical Garden. I also wish to thank the Curators of Tarioiis Americaii 
herbaria who made a fruitless search for certain specimens, and particnlarly Mr. P. G. 
Staiidley of the Field Museum foi" his kindness iii submittin series of unusually inter- 
esting collections. 
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and petals 3 cm. long* certainly cannot be B. glauca (or B. lacvis) in its piire 
phase. Of the two '^Hidalgo” specimens cited by them I liave before me 
Q-hieshreght 31, which was not from this state but from Oaxaca d tlie other 
(Seler 866) I liave not seen. I also have before me (witliont localit,y) Sesse, 
Mocino, Castillo et Maldofiado 1813 (Herb. Field. Miis.). It is oh\'ioiisiy 
coiispecifie with the others jilaced here in B, glauca. 

Before we coiitiiuie with onr analj^sis of the Mexican species of Be f aria, 
it will be advisable first to examine material of these two basic species from 
areas where it would appear tliat they have not been subject to interspeeifie 
eoiitaminations. Briefly, in Chiapas we find that B, glauca has glabrous 
leaves, glabrous branches, a coarse paniculate infiorescence wliicli, also, 
except for a minute and early deciduous puberulence, is glabrous. The 
petals are 1-1.5 cm. long* and of a deep pink or rose color. Paler forms and 
tliose with larger corollas sometimes found in other regions appai*ently Imve 
a mixed heredity. 

Conversely, in Zacatecas, Jalisco, and parts of Guerrero, B. mericana lias 
the leaves glandular pubescent on both surfaces, partieularly along the mid- 
vein below. The branches are densely glandular pubescent as is the inflores- 
cence whicli, ill contrast to B. glauca, is compact and subeorymbose. The 
petals are 2.5-4 cm. long and white, althougli pink forms are oceasionally 
recorded. These, in my opinion, may be due to a slight contamination of 
B. glauca heredity. Mexia 1840 from Jalisco is in fruit. 

These very distinct forms seem to represent the two original species pres- 
ent on tlie Mexican uplands. 

THE BEFARIA DISCOLOR COMPLEX 

Turning our attention to a region where Befaria gkiuca and B. mexicana 
come together, we are confronted with the following situation: a com [flex 
population generally placed in B. ddseolor Benth., but jiossessing (‘ouibina- 
tory and segregate forms apiiarently derived by liybridization. from botli 
species. Certain examples, all from the State of Oaxaca, are here briefly 
analyzed. ' 

Comatti 2529 (Plerb. Field Mns.) with its dense pubescence and petals 
±: 2.5 cm. long would, in spite of the short corolla, he nearly typical B, 
mexicana, except that the dried plant retains evidence of considerable color 
in the flower. This number is of particular interest in eomiection with the 
previously died Go7imtti 2530 (collected in the same locality, on tlie same 
date), with an apparently white corolla and petals 3-4 cm. long, wiiicii was 
idmc^diii B. mexicanar 

5 Mansfeld and Sleuwier (1. c.) list from Hidalgo. However, tlie s|)eei- 

inen on Ueposit' at, tlie' Kew' "York, Botanical Garden clearly^ states' tli at this 'numbc?!* was 
eolleeted in Oaxaca, as does the original description of B. (xMeshref/hiiana .Pedtsehenko 
& Basilevskaja, Kotul. Syst. HerK Hort. Bot. U.B,S.R. 6: 38. 1926. 
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Lielmann 8592 (Herb. Field Mixs.) lias the branelies and iiifloreseence 
as piibeseent as any specimen of B. mexicana that I have seen, yet its corolla 
was apparently deeply colored; also, the petals are only 2-2.5 cm. long*. 

The piibesceiiee of Mexia 9276 is, again, nearly typical for B, ^nexicana^ 
yet the inflorescence form is that of B, glauca; the petals are wliite, but only 
dr 2 ciii. long. 

Galeoit'i 1812 (type coll, of B. florihunda Mart. & Gal.) has the branches 
pubeseentj but the pubescence becomes siiarse in the iiifloreseeiiee, with the 
upper |)art of the pedicels and calyces completely devoid of the giaiidular 
setae so characteristic of B. mexicana. The inflorescence resembles that of 
B. glauca^ but its individual branches are compacted, iiiiich as in typical 
material of B. mexicana. It would appear that the petals were not more than 
2 cm. long. The original description states that the flowers are “piirpiireo- 
albis ^ ’ ; the field notes list the color as ^ ^ rosees. ’ ’ 

Gomez c6 Gomez 6000 has almost completely glabrous leaves, the 
branches are pxibescent, but the setae on the pedicels are even more reduced 
than in the previously cited Galeotti 1812, a few flowers having a completely 
glabrous calyx and only a few scattered hairs on the pedicel. The corolla is 
dz 2 cm. long and a deep rose-pink color. 

6 Manuel Gomes # Victoria Consatti de Gomes (Herb. Coiizatti) 6000 from tlie Dis- 
trict of Teotitlaii, Oaxaca, Avas kindly loaned to me by Eieliard Evans Scliultes, who 
received it from Professor Conzatti. This eolieetion (the xjortion studied now deposited 
in the Economic Herbarium of the Harvard Bot. Mus.) is of x:)artieiilar interest because 
it is the basis of a neAV monotypic geims—Eeptacarpus — (Conzatti, Prof. C. Organo 
Transit orio en nna Talamiiiora Serrana. Anal. Hospital Gen. Oaxaca 2: 4-7. 1 plate. 
1940.). This genus, according to the present International Eules of Botanical I^omencla- 
ture, is immlidly published (being Avithout Latin diagnosis); it is also incorrectly placed 
as to family. 

The folloAving personal communication from Mr. Schultes is pertinent to the present 
discussion and is included^ 

^^In 1839, HartAA^eg collected the type of Befaria ducolor at Talea de Castro (Long. 
96® 17', Lat. 17® 21'), District of Villa Alta in northeastern Oaxaca, only a fcAV miles 
southeast of the locality of collection of G67nes # Gomes 6000. 

^ ^ In the same year, Galeotti made a collection Avhich became the type of Bejaria 
floribimda Mart, & Gal. {^Befaria discolor Benth.). This collection {Galeotti 1812) Avas 
made bn the mountains near San Ildefonso Villa Alta (Long. 96® 10', Lat. 17° 21') and 
San duan Tanetze (Long 96® 19', Lat. 17® 23'). Villa Alta is slightly east of Talea; 
Tanetze is but several miles east of Caealotepee and slightly Avest of Talea. The specimen 
in the Gray Herbarium is labelled as coming from the " Chinantla, ^ ' a name which 
Galeotti used to designate the moimtainous areas of the Districts of Villa Alta and 
Choapam. 

4 WA third collection Avas made by Jurgensen in the Sierra San Pedro Jvolasco near 
Talea de Castro. This collection {Jurgensen S62) became the type of a neAV genus-^ttr- 
gensenia- — and sx)eeies — J. meMcana ^^uTcznmhiov {^Befaria discolor). 

' ' These collections, all made within a radius of fifteen miles, have been the basis of 
material described and placed in two different families----Ericaceae and Theaeeae; three 
gm&m---~Befaria^ {B.ejaria),:, Jnrgensema, :and Eeptaearpus; mid four" species* — Befaria. 
discolor, Bejaria' fldrtbmdaf: Jurgmsenm mexwam,^ ■Eeptacmyus''Salmonicohr., thus 
adding to the confusion surrounding Befaria diseolor Benth. ' ^ 
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Ilartivag 479 (type eoll. of i>. discolor Bentlu) liau essentially glabrous 
lea\^es, or with a, few gland-hairs on the niidyein below; tlie stem has a 
sparse ])ubes(‘ence, and the pedicels even less. The infiorscenee is but little 
binnclied, as is common in. B. mexicana, but it is loose-flowered witli si)read- 
ing ])edieels, and tliiis is much more like that of a single branch of the B, 
glauca type. The calyces are glabrous and the iietals 1.5-2 cm. long. 

Apparently, then, B. glauca, coming from the east, pei.*liaps by way of 
uplands now submerged, met the Mexican representatives of the B. mexB 
cana population and, in the Oaxacan region, produced a series of rather 
complex liybrid forms. The presence of nearly pure stocks of botli species in 
Oaxaca, as well as these intermediates (today apparently concentrated in 
the region of tlie Chinantla’’), indicate that such a sequence of events lias 
taken xrlace. 

Our problem, then, is to determine just how we shall treat such a situa- 
tion. In Mexico, owing to the jireseut isolation of the more mesoi)!!}^!!? floras 
on mountain ranges, or even individual peaks, and tliese often separated by 
wide expanses of semi-desert, a considerable amount of endemism is to be 
expected. With further exploration and a larger series of critically collected 
sp)eciinens, it wnuld not be surprising to learn that certain of these segre- 
gates, carrying combinatory characters of both, the basic species, .have be- 
come genetically stabilized and exhibit a reasonably constant set of mor].)h()- 
logieal characters within restricted areas. 

For tlie ]n*esent, and until we know more conceriii iig tliem, I see no need 
to make the problem taxonomically more complex b.y resorting to a formal 
description of all of these segregate and morpliologieally difterent indi- 
viduals, thus miiltiplying onr nomenclatural troubles. Instead, it is my 
suggestion that w^e consider this xirobleni from the stanclpoint of expediency ; 
that we do not consider Befaria discolor Benth. a true biologi(».a,l species hav- 
ing luid a, single origin ; ratlier, that it be only a noineiudatiira'l coiivenience 
—a name applied to those individuals which, in stricio, cannot be 

placed either in B. niexicana or B, glauca but would appear to be recurrent 
segregates of hybrids resulting from crosses between tliese two species. 

A study of the Central American and South American material of Be- 
faria indicates that much the same situation exists there as in. Mexico involv- 
ing B. glauca mid additional species present in the area. (A>iise([uen.tly, it is 
my opinion tliat Mansfeld and Sleiimer (he.) have not solved the obviously 
difficult systeniatic problem encixmliiig jBc/aria by a traditional taxonomic 
treatment. This is nowhere better shown than in tlieir disposal of the Sontli 
American forms allied to B. glauca, m which the.v described four new 
varieties mnder this species' in ■ addition to 'the typical iorni;,, varieties witli 
■mionotononsly^ similar distribntions :and. which, when ^critically;' examined, 
clearly indicate hybrid connections with other (and I think valid) species 
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recognized by tliem from ivitliiii the same area. I believe that, if they could 
be crossed and the resultant hybrids ivere fertile (vdiicli from the material 
ai^a liable seems to be the case), one could start with but four of our modern 
species, B. ledifolia, B. glauca, B. Mathewsii, and B. ryiexicana and, in only 
a comparatively few generations of plants, produce segi^egate forms indistin- 
guishable from the majority of the species and varieties now recognized in 
South America. This does not mean that the bulk of these forms are neces- 
sarily of recent hybrid origin — although many of them are — ^biit only that, 
in taxonomic work, one should attempt to distiiigiiisii between those which 
appear to be genetically stable and those which have been given taxonomic 
rank and placed in the same category merely because of simulative charac- 
ters — similar forms which are the result of a series of chance segregations 
from within a hybrid complex. Such so-called ‘‘species” are met with all 
too frequently in the Ericales in such genera as Be f aria, Bhodoclendron^ 
Gauliheria, Pernettya, and Vacciniutn, 

However, one cannot leave this problem of the hybrid origin of the 
Mexican complex, here covered by the name Befaria discolor, without cer- 
tain additional remarks. It is interesting to note that, typically, B. mexicana 
is a ‘ ‘ winter bloomer, ’ ’ being in flower from November until late in March, 
a span of more than four months. Conversely, B. glauea is a “summer 
bloomer, ’ ’ the specimens before me indicating that flowers are present 
from May into August. It is to be further noted that those specimens placed 
by me in B. discolor span the season of both the other species, flowering 
plants being recorded at various times from November to June. 

It is, of course, well understood that in the tropical uplands the seasonal 
distribution of rainfall plays an important role in the flowering of a major- 
ity of species. My own experiences indicate that this is certainly true in the 
Oaxacan region. However, since there is no great change in the seasonal 
temperatures, it is not unusual for individual plants to be thrown com- 
pletely out of their normal flowering period by other factors. Among these 
may be mentioned luiseasonal distributions of rainfall, flower-bud produe- 
tioii oil the new growth following insect injuiw and, particularly, the flower- 
ing of sprouts after fire. It is to be pointed out in this connection that no- 
where in Mexico is the milpa type of agriculture more intensively developed 
than in the nioiiiitainous regions of Oaxaca. The burning of these small areas 
often starts extensive brush fires and, in 1937, to the east of Villa Alta (see 
footnote 6) on the border of the “ Chiiiantla, ” while staiiding in one of 
these recently biirned-over areas, I could see the smoke of at least three such 
fires on adjoinmg mountains. Furthermore, this is not a new type of agri- 
culture in the region, having been praetieed there for untold ceiitiiries. 

Therefore, it is probable, although B: mexicana and B. normally 

have different flowering periods, that abnormal conditions of one sort or 
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another have iiidiieed individual plants of either species to close the sliort 
^ap ill floweriiij>: seasons, thus perinittinj^ a niixiiij^ of the two s|)ecies' 
heredities. It is also evident that such a condition is not limited to tiie past, 
but is g*oin<>‘ on acdively at the present time so tliat, today, we must recognize 
the presence of current hybrids between these two species as well as a series 
of sej:»Tegates from those of the past. It is because of this that I look upon the 
type of Befaria discolor Benth. not as representative of a true biolo^'ical 
species but, rather, as only one of a g*roup of diverj^'ent forms of (simplex 
orig'in, having' in common only a basic bispecific ancestry. 

A NEW SPECIES PROM MEXICO 

In a iirevious pai'agraph I liave intimated that it is possible, in certain 
areas contiguous to tlie (daxaean region, that future exploration may un- 
cover populations of individuals, ]irobably of segregate origin, but suffi- 
ciently stabilized so tliat tliey may be dealt witli in a more paiiieular man- 
ner. Such entities, while not a part of the ancestral ])opidation, might well 
be thought of as true species — ones which have had tlieir origin in relatii'ely 
modern times. 

I have before me a specimen representative of a groiij) wliieli seems to 
belong in such a category. It was collected by Mr. Geo. B. Hinton in 
Guerrero, away from the immediate influence of glauea and in a region 
"where B. mexicana is the dominant form. The collection is from a tree 6 
meters tall and, from the material at hand, it would appear that the vegeta- 
tive parts almost exactly duplicate those of B, although, the flowers 

simulate those of B. mexicana, the petals being white and up to 4.5 cm. long. 
It is also of interest to note that, iinder B. laeins {B. glauea of this paper), 
Maiisfeld and Sleurner (l.c.) mention a similar specimen, also from Guer- 
rero (L, SchuUse Jena 468)^ wdth large flowers, the petals being white 
and 3 cm. long. I therefore iiropose the following new speeie^s; 

Befaria Hintonii Camp, sp. nov. Arbnscnla 6 m. alta, rainnlis glabris; 
folia oblongo-lanceolata, utrincjue glabra, apice acuta, supra suhiiitithi, 
subtiis glaiieeseeiitia, 5--8 cm. longa, 1, 5-2.5 cm. lata; infloresceiitiae breviter 
raeemosae vel snbcorymbosae, 6-12-florae ; rhacbis pedieelli(|ue glabri, ixali- 
eellis crassis, 3-4 cun. longis, braeteis ])arvis deciduis ; calyx cainpaiiulatus 
glaberrimus, sub antbesi circ. 8 mm. latu, lobis ovatis obtiisis, margiii(3 cilia- 
tis; petala alba, obovata-spatbulata, basi attenuata, 4-4.5 cm. longa, circ. 1 
cm. l ata, apice extremo paree puberula; stamina petal is aeci iiilonga ; stylus 
tenuis circ. 5 cm. loiigus. 

Mexico— GUERRERO : Dist. of Galena, Piedra Ancha, 2800 m., Geo.. B. 
Hinton 14237' , M.b.j 3, 1939. “Oak and pine forest ; tree 6 m. high ; flower 
snow white.’’ type in Herbarium of the New York Botanical Garden. 

■ NOMBNCLATURAL' CHANGES 

Hefcw'ia glamalhxi^ et Boiipl. in'Pb Aequm''2: 118, ',t.' 117. 1809, 'Byn., 
tem8)B'enth., PI; Hartweg.., p. 65.. 1840. ' 
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Tills eliaiige eii]ar<:>*es tlie distribution of the fundamental and oiiee wide- 
spread B. glauca from South America into Mexico, the g'eiietically iineoii- 
taminated Mexican material being* scarcely distinguishable from tlie typical 
form in Venezuela. 

X Befaria discolor Benth., stat. emend. Camp. [Be f aria inexicana 
Beiith. X glauca H. & B.] Befaria discolor Benth. PL Hartweg. p. 65. 
1840. Syn. : Mepiacarpus salnioiiicolor Conzatti, Anal. Hospit. Gen. Oaxaca 
2 : 5. 1940. For additional synonyms see Mansfeld & Sleumer (l.e.) 

The transfer of B. discolor from the status of a true species to tliat of a 
name covering a complex series of hybrids and their segregates has been 
undertaken solely in an attempt to rationalize our present system of nomeii- 
elature with what appears to be the biological situation within the material 
Iiere under discussion. Any other procedure under the existing system would 
necessitate the giving of some sort of taxonomie standing to the group of 
names which necessarily would haA^e to be attached to the known morpho- 
logically different and describable entities in the complex Bc/orh/-popula- 
tion Avhieh appears to center in the mountains of northeastern Oaxaca. To 
do so at the present time would add nothing to our knowledge of tlie genus 
and certainly would not clarify its taxonomy. 

BEFARIA IN CENTRAL AMERICA 

It is of more than passing interest to note that no previous study of the 
genus has listed Befaria from Central America. Fortunately, my attention 
has been called to four collections from this region recently deposited in the 
Herbarium of the Field Museum; one from Honduras and three from 
Guatemala. A genus Avith such shoAAy fioAA^ers is not easily missed by col- 
lectors. That it Avas neither found in Honduras prior to 1936, nor in Gaute- 
mala earlier than 1939 indicates either that Befaria is exceedingly rare in 
Central America, or (as I suspect) that the area is in need of considerably 
more botanical exploration. 

These four speeiniens shoA\" some relationship Avith the Mexican popu- 
lations, but, OAving to certain differences, I am unable to place them in any 
of these species with confidence. 

The single specimen from Honduras (Yuncker^ Dawsofi & Yousc 
July 13, 1936, from a steep ravine near El Aehote, bills aboA^e the plains 
of Siguatepeque, Dept, of Comayagua), because of its viscid pubescence, 
seems to be related to Befaria mexicana. HoAAwer, the leaves are somewhat 
larger (being np to 10 cm. long) and less glancous than is typical ; the 
inflorescenee is considerably more loose; the pedicels are attenuate, and 
the calyces only one-half to one-third the diameter they should be for this 
species. The petals are Avhite and at most 2.5 cm, long, being, tluis. just 
Avithiii the loAver Im^ B, mexieamr Aitho tentatiyely placed in 
association with this species, it is not to be thought of as typical. 
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Tlie three speeiiiieiis from Griiatemala were eolieeteci in tiie 8ier:i*a de las 
Miiias, Dept, of 12a.ea])a., in October, 1939. Of these, two (Sk'-yerm^irk 29775 
ch 29783) were from an elevation of 1700-2000 meters. Steyerniark 29783 
is ill flower and with immature fruit. It was a, “tree 30 ft. tall.” The plant 
is g'labroiis and, in their shape, the leaves closely resemble tliose of B. glanca 
in its typical phase. The infioreseenees are few flowered, the pedicels sliort 
and lieaA^y, the ealyees fairly large and the flowers white, sweet scented, 
with petals 2-2.5 cm. long; thus, in these characters it somewhat resembles 
B. mexieana. Sfeyermark 29775, in fruit, has much the same general appear- 
ance, but it is recorded as being a ‘hshrub.” 

The third specimen, Steyermark 29725, from a lower elevation (1000- 
1500 111 .), is a “tree 25 ft. tall.” The plant is glabrous; the inflorescence is 
somewhat more diffuse than in the two previously cited specimens; tlie 
pedicels and ealyees seem to be intermediate in form between tliose of B. 
mexieana and B. glauca; also, the flowers are small, being only 1.5-2 cm. 
long. The collector has made no note of the flower color, but in tlie dried 
specimen the petals are considerably darker than those of his ^29783. It is 
probable that, when fresh, they were pink or even, red; j^29725, therefore, 
seems more closely to resemble B. glauca than the other G uatemalan speci- 
mens here cited. 

In spite of their differences, one character in particular seems to be 
present in both the Honduran and Guatemalan specimens which, collec- 
tively, separates them from those species of the genus to w'hich tliey might 
be referred. In general, the lower surface of the leaves of the various species 
of Be f aria is definitely glaucous. This is not true of the Central American 
material available for, although the lower surface of the leaves is paler 
than the ujiper, it certainly is not glaucous, at least not in a degree charac- 
teristic of those species with whiidi I have ac(|uaiiita,nce. 

On the basis of Yuneker, Da/wson d; Yom-fe 5823 from Honduras, I am 
predicting that Be f aria mexieana, or its simulative counterpart, will yet be 
found in Central America. Also, I am certain that B. glauca in its pure fijrm 
will be collected in Guatemala. This conclusion is reached after an examina- 
tion of Steyermark 29725 in eon junction with the distribution of B. glauca 
as here redefined, as well as its known presence in adjoining Chiapas. The 
reniaiiiiiig material from Guatemala apparently represents a new species. 

Befaria guatemalensis Camp, sp, nov. Arbuscula 9 m. alta, ramulis gla- 
bris; folia oblongo-Ianeeolata, utrinqiie glabra, apice acuta, supra virida, 
subtus pallida non glauceseentia 5-9 cm. loiiga, 1.5-2.5 cm. lata; inflores- 
eentiae breviter racemosae vel subcorymhosae 6-10 florae ; rhachis pedicel- 
liqiie glabri, pedieellis snb-erassis, 1-3 cm. longis, braeteis parvis deciduis; 
calyx eampanulatus glaberrima, sub anthesi . cire. 4 mm. latu, lobis deltoidis, 
margine niliatis; petala alba, .obovata-spathulata, basi ' attenuata, 2-2,.5'(cm, 
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lon^'a, eirc. 0.5 cm. lata, apiee extremo paree piibenila ; stamina petalis 
aequiioiiga ; stylus tenuis, eire. 3 cm. longms. 

Gxtatemala— zacapa : pine forest, Sierra de las Minas, near summit of 
ridg*e, below Piiiea Alejandria, alt. 1700-2000 m. Julian A. Sfeiierniark 
J97S3, Oct. 12, 1939. ‘‘Tree 30 ft. tall. Petals white, sweet-scented. type 
in the Herbarium of the Field Museum. Ibid: Steyermark 29775, said to be 
a shrub and with slightly larger leaves, may be oiih’' a sprout form of this 
species. 

Be f ana giiatemalensis may be easily differentiated from the previously 
described B. Kinionn by its smaller flowers and pale green rather than 
glaucous lower leaf surfaces. 

For the present, and until more material is available, no definite names 
are assigned to the single specimen from Honduras and the remaining col- 
lection from Guatemala, both of which are here suggested to be of x^ossible 
hybrid origin between B. guatemalensis and the several other species prob- 
ably present, but as yet uncollected, in the region. Further exploration, not 
only in Central America but also in the botanieaily little known Sierra 
Madre del Sur of Oaxaca and Chiapas, will be needed to shed light on the 
early northward dispersal of Befaria in the Americas as well as furnish us 
with additional clues useful in unraveling the tangled pattern of speciatioii 
within the genus. 

KEY TO THE KNOWN MEXICAN AND CENTRAL AMERICAN SPECIES OF BEFARIA 

Plants essentially glabrous. 

Flowers white. 

Leaves glaucous below, petals 3-4.5 cm. long B. EintoniL 

Leaves pale, but not glaucous below; petals 2-2.5 cm. long B. guatemalensis. 

Flowers pink or reel, petals 1-1.5~(2) cm. long B. glauca. 

Plants with a glandular |)ubeseence. 

XTpper part of inflorescence and calyces densely pubescent. 

Flowers white, petals 2-4 cm. long JB, mexicana. 

Flowers pink or red, petals 1-2.5 cm. long x B, discolor. 

Upper part of inflorescence and calyces sparsely pubescent or glabrous, if glabrous, 
then the lower part of the inflorescence or branches sx)arsely pubescent; flowers pre- 
dominately red or pink, or oeeasionaily white, i)etals 1-2.5 cm. long x B. discolor. 

The New York Botanical Garden 
New York, New York 



THE BIOLOGY OF POLYPORUS BASILARIS 
Harold E. Bailey 
(with four figures) 


A broY’ii pocket rot of Oupressus macrocarpa Hartweg lias been known in 
California for a long time. Sporopliores associated w-itli this rot have been 
reported in Golden Gate Park, San Franeiseo, by workers in the Division of 
Forest Pathology, of the Bureau of Plant IndiistrA’^, but, so far as the writer 
is awnre, no detailed study nor description has been reported. The first mate- 
rial preserved for study was collected by Mr. H. B. Parks in 1923 on the 
Berkeley Campus of the University of California. Somewhat later, acklitional 
material from the same location was eolleeted by Dr. Lee Bonar. These speci- 
mens, with study notes, were sent by Dr. Boiiar to Professor L. 0. Overliolts, 
who made a study of the material. Having concluded that the fungus wais mi 
undescribed species, Overliolts (in iitt.) has proposed the name, Polyporus 
hasilaris s^i. iiov. and eharacterized it as folloivs : 

Polyporus hasilaris Overholts sx>. nov. Sporo}iliora annua vel in(-;remento 
niarginale reviveseens sessilis vel in substrata decurrens, crebro nodulosa in 
sulcis triinci leviter evoluta, quandoeunque valide evoluta imbrieata, tenax 
eoriacea in sicco rigicla dura ; loileus axiplantiis vel paiillo convexus, 1-4 cm. 
longus, 2.5-6 cm. diametro 0.4r~0.8 cm. crassus, sordido-griseus in sicco 
funieiis vel nigreseens, pubeseeiis, pilis brevibus velutinis, mox glabratus vel 
fibrilloso-striatus haiicl inerustatiis uni-vel bizonatus, zonis latis ; coiitextum 
album tenax in sicco durum zonatum crassitudine 1-5 mm. ; pori albi in sieeo 
immutati vel isabellini vel liepatiei, tubulis 1-3 mm. longis, oribiis cireularibus 
mox angularibus ad irregularibus integris, eirc^a 3-4 pro mm., parietibiis 
erassis; sporidia ellipsoidea vel angusto-ellipsoidea levia hyalina, 4-5 p longa, 
2.5-3. 5 p diametro; basidia 4-5 p diametro; eystidia nulla; coiitexti bypbae 
l)>mlinae flexuosae pauci-ramosae, parietibiis inconspiciie iiu'rassatis, 3-7 p 
diametro, interdiim conspicue iiodoso-septatae. 

Flab, ad basim truncoriim Cupressi niacrocarpae Hartweg. 

Sporopbore annual or reviving with only marginal growtli, sessile or de- 
eiirrent on substratum, frequently poorly developed and nodulose in furrows 
on the trunk, imbricate where w^ell developed, tough and leathery when f resli, 
rigid and hard on drying; pilexis applanate or somewhat convex 1-4 x 2.5- 
6 X 0.4-0. 8 cm., dirty grayish, becoming grayish brown or blackish on dry- 
ing, at first W'ith short velvety pubescence, later nearly glabrous or fibrillose- 
striate, not inerusted, wdth one or two broad zones or depressions; context 
white, tough, drying hard, zonate, 1-5 mm. thick; xiore surface ■white when 
fresh, imelianged in drying or becoming isabelline or dirty buff, the tubes 1-3 
xmii. long, their mouths circular then subangiilar to irregular, thick-walled, 
entire, averaging 3-4 per mm. - spores ellipsoid or narrow ellipsoid, smooth, 
hyaline, 4^5 x 2.5-3.5 p * basidia 4-5 p diam. ; eystidia none ; context liyphae 
hyaline, flexiious, sparingly branehed, the w^alls not eonspieiiously thiekened, 
3-7 p diam., with compicnons though not abundant clamps. 

On the lower portion of the trunks CieprmiLS* macroccrpfp 
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Type^ eoileeteci at Berkeley, California, Feb, 14, 1923 by (H. E. Parks 
Herb. 1431 ; Overliolts Herb. 8527) ; also collected in the same locality and on 
the same host by Lee Bonar. 

‘ ^Mr. Bonar has contributed largely to the description here presented. The 
species has the aspect of a tranietoid and over-developed Folyporus versi- 
color, blit the spores are very different. From Fames annosus it differs in 
the less globose spores, in the clamped context liyphae, and in being associated 
with a very different rot.’’ 

Monterey Cypress {Gicpressus macrocarpa Hartw.), the host of F. hasi- 
lans, is a narrow endemic in the vicinity of Monterey, California. It occurs 
indigenously only on the coastal bluff's seldom more than a half mile inland 
in the region of Monterey. The tree, in spite of its very restricted natural 
habitat, is readily propagated and has been extensively planted as an 
ornamental, particularly in California. Certain facts: viz., that the sporo- 
phore is a small inconspiciions annual appearing only during moist weather, 
that the host is not widely distributed, and that the sporophores are relatively 
rare, are largely responsible for the obscurity of the fungus. In addition, the 
sporophore usually arises in the natural crevices and convolutions of the 
trunk, dries out rapidly, and changes color from a smoky-gray to a brown 
color which blends with the color of the bark and makes detection difficult. In- 
sects frequently attack the sporophores and reduce them in a few weeks to an 
unrecogiiizable form. 

The stands of G. macrocarpa from which data for this paper ivere ob- 
tained were as follows: (1) in the vicinity of the Greek Theatre on the 
University of California campus at Berkeley, trees planted in 1867; (2) in 
Sequoia Park in the Oakland Hills, at an elevation 800 feet higher than stand 
(1) ; (3) in Golden Gate Park, San Francisco, California; (4) in the vieinty 
{)f Monterey, California. 

Because of a blight, caused hy Cory neum sp., and a bark beetle, 
PJiIoeosinus cuyjressi Hopk., which had infected the cwpress, many of the 
trees in these areas were being cut to cheek further infection. This offered an 
opportunity to make observations on freshly sectioned trunks. A pocket rot 
was found to be common in all of the older trees in the above-nientioiied 

TABLE 1 


Xuml)er of trees in four stands of C. macrocarpa containing pocTcet rot associated with 
Poll/porus hasilaris. 


Location 

No. of 
trees 

Trees 
with rot 

Percentage 
witk rot 

, ' Average age ■ ' 

IT. C.' Campus ■ 

' ,-.78 ' ■ 

70 


", 65 years ' 

Sequoia Park 

349 i 

' ' o' , 

,'-1.43.' 

' 26 :' ■ 

Golden Gate Park ; 

„ 81 

15 


', 34 IP',' 

Monterey ' 

83 

68 

■ ',■82.0', 

1', '■ 

estimate 
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staiicls. Data were obtained on the diameter of the trunks and the amount of 
rot sliowii ill cross >seetion at stump height, approximately 2 feet above 
ground. 

More detailed studies were made on trees in the campus stand. Tliese 
iiicliided sketches of cross and longitudinal sections of tlie base of tlie 
trunk and estimates of the area of decay, the longitudinal extent of the 
rot, and the presence or absence of the rot in the roots. Trunks of two trees 
were split longitudinally into quarters and the sections sketched and 
measured in order to compare the actual amount of sound and decayed 
wood. It was found from this more detailed study of 71 trees that 32 per cent 
contained only a small amount of decay (i to 5 square inches as sliown in 
cross-section). However, all the trees over three feet in diameter siiowed 
infection, and 60 per cent of these contained over 50 square inches of decay. 
All cross-section measureinents Avere made at stump li eight. 

The pocket rot so commonly found in the trunk of tlie tree is found 
less commonly in the roots. In the larger roots it may jienetrate a few 
inches but generally not to any great depth. On tlie campus it Avas possible 
to make a study of the root system because the trees were pulled doAvn and 
their roots thus exposed. While 20 per cent of the trees Avere found to con- 
tain occasional pockets of rot in their roots, badly infected trees seldom 
shoAA'Cd more than tAvo or three small pockets in the entire root system. 

Cross and longitudinal sections of the cypress trunks show that the 
infection of the tree ordinarily takes place in the lower part of the trunk. 
In young trees, in AAhieh the rot aaus in the incipient stages, the infection Avas 
Avitliout exception present in the loAA^er portion of the tree. The heiglit of the 
rot as determined from an examination of thirty-tAvo trees was as folloAvs: 
twenty-six of the trees Avere found to haA-e the rot limited to less than tAveh^e 
feet above the ground line and only five exceeded this height. The higliest 
extension of the rot found in the trunk of any cypress was seventeen feet. 
In this tree it Avas found to be present in the larger branches. 

Ill trees shoAAung the beginning stages of decay a cross-section of tlie 
trunk often has but a single pencil of rot. When sections of such trees are 
split longitudinally, these pencils may be traced for a distance of a feAV inches 
to tAvo feet, depending upon the degree of cleA^elopment of the I'ot. The in- 
fected AAmod in the incipient stage is almost normal in appearance, but 
usually tinged Avith yelloAA^ These infected pockets, upon drying out, become 
darker in color and shoAV fine cheeks. In badly decayed trees one or more 
pencils of rot may be found on the adAmneing line of decay. The decay does 
not proceed into iniinfeeted areas as an eA'-er increasing spherical iiiass of rot, 
but rather spreads by means of long finger-like protrusions into the heart- 
AAT)od. As the rot proceeds, it becomes A^ery complete, leaving a brown crumbly 
residue Avhich eraeks into square or rectanglar blocks. In the advaueed stages 
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of decay the pockets coalesce so that they form masses of rot with thin irregu- 
lar strips of firm wood scattered through the mass. "Wefts of white iiiyceliiiiii 
freciiieiitly appear in the cracks of the rot. There is no apparent discoloration 
in the wood beyond the sharp border of the pockets. 

Microscopic examination of the decayed wood shelved that the hyphae 
w'ere rare in the pockets of rot. However, they are found abiiiidaiitly in a 
zone about six millimeters wide between the border of the pocket of rot and 
the sound wood. The hyaline hyphae are 0.7-l,5 p in diameter and branch 
freely as they pass from one cell to another. The penetration of the cell 
wails may be through bordered pits or directly through the wnll. Tissue 
cultures made from the edges of the pockets and from the incipient stages 
of decay bear out the results obtained from the microscopical studies, i.e., 
that active mycelium is found only in a narrow margin around the pocket of 
rot. Negative results in culture tests wnre obtained from wood beyond 
6 mni. from the border of the pockets and from the sound Avood between the 
pockets. Extremely decayed wood either failed to produced any fungus in 
culture, or, as w^as generally the ease, was contaminated with other fungi, 
such as various species of FenmlUum and Triehoderma. 

Three other basidiomyeetes have been reported on Cu press us macro- 
carpa:^ Polyporus carhonarius Miirrill, Polyporus cutifractus Murrill, and 
Hydnuni ochraceum (Pers.) Pries. However, during this investigation no 
fruiting bodies other than those of P. hasilaris have been collected from 
Monterey cypress. 

Figure 1 shows isolated pockets as they appear in cross section ; figure 
2 shows a longitudinal section from the bole of the tree with pockets of rot 
extending upward from the generally rotted base. This condition of the 
base probably arose from the single pocket which increased in size and at 
the same time formed branch pockets. 

Every sporophore collected has been found to arise from the main part 
of the trunk, usually in the vicinity of decayed knots. If the point of 
origin of the sxiorophore is any indication of the original point of infection, 
as it is considered to be in some instances, this wnnld be added proof that 
infection oecxirs through the base of the tree. 

One or more sjiorophores may develop on a single cypress tree and as 
many as four have been collected from a single trunk during the same 
season. Fruiting bodies have been collected on old stumps as w^eli as on 
trunks of living trees. Longitudinal sections of the trunk cut at the point of 
inf ection, of ten show the rotted w^ood in the vicinity of the sporophore to be 
thoronghly moist. The presence of moisture is probably important in the 
development of the sporophores. In the Berkele}^ region they appear during 
the rainy season, xisnally in the latter part of November or the early part of 

1 Seymour, A. B,, Host index of the fungi of North Araerica, p. 72. 1929. 
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December. From tlieii on tJiey may continue to develop iiiitil tlie middle oi:' 
Febriui !‘y, or later, altlioTig'li the majority of sporopliores lia\^e usually j)asse<l 
tlieir prime and many liave ceased to sporulate by tliat time. 

The sporopliores first appear as nodular flesliy slieets of j^nayisli tissue. 
From these f()undatioiis shelves appear, ^'rowing* from tiie upper ma.i*gina! 
part of tlie sporopliore. Frequently one finds (auuties which are completely 
shut off from tlie outside and yet contain well developed spore-produeing 
tubes inside. These cavities are particularly common in tlie older parts of 
sporopliores where tliere has been a growing over or coalescing of one 
slielf of the sporopliore with another. Sporopliores have been found to 
recur season after season on the same trees and in the same places on tlie 
trunk. Mature sporopliores vary greatly in type, size, and shape. Tlie 
imbricate shelving type is tlie most commonly found (figure 3), but one finds 
also sporophoi'es wliieli are resiipinate, nodulose, or even fleshy “sparassus' ^ 
types. 

Tissue eiiltiires from tlie sporoplioi’es of P. basilar is fre(|iieiitly jiroduee 
Poriadike fruiting bodies on agar slants and in Petri dishes (figure 4). If 
the test tube or the Petri dish is inverted so that the spores may collecd, on 
the lid, a heavy coating of spores is deposited on the glass. Abortive sporo- 
phores may also develop on blocdvs of wood. The under surface of sueli sporo- 
jihores is composed of lamella-like rays. Sporulation has not, lioweveig been 
observed to occur from these fruiting bodies. 

Sporulation in nature may continue over a period of several weeks. Daily 
observations have showed that some of the fruiting bodies may slied siiores 
eontinuousfv for a inonth and a half. The average period of s[)()riiIafion, 
liowever, is about lialf of this time. From large sporopliores s|)orvilation is 
often so lieavy that during an interval of twenty-four hours a glass slide 
placed underneath will have a heavy wliite coating. 

Spores of Pai?;?/parax basilar is have a very low percentage of germination 
in culture. Samples for the germination studies were obtained from tln‘ 
field on sterile glass slides by the use of spore traps, or, in some cases the 
whole sporopliore was collected and allowed to shed siiores dire(dly upon 
the medium. Spores were gathered from different siioropliores. Substrata, 
of various compositions and pH were used, but negative results in the spore 
germination studies were obtained except witli one medium, containing 


Explanation of figures 1-4. 

Fig. 1. Cross-section tlirougli trimL of 'wmcrorarpo sliowing isolated pocket.s 

of rot oiitside the geiierally rotted center. Fig. 2. Longitudinal section through l{>\yer por- 
tion of trunk of Oiipr emits anaeroca^^ showing pockets of rot extending upwards from a 
generally rotted base. Fig, 3. Sporopliore of Folpporus basUaris^ typical imbricate type. 
Fig.' 4.' "'Surface 'view of*.'‘Fetr'i'xlish '.containing ■a:'"bloek "of .wood .of C'a.'prc.s.vio'?' fimcrocarpa 
On a glass plate over a yomig exiltuve/ ot Polyporns basilar is ; b ^ rotted wood block after 
exposure to the fungus 120 days j c, sporoi>hore of Polyporus basih^^^ developing on wood 
block in culture. 
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1 per cent peptone, 1 per cent glucose, and 2 per cent agar, Yitli a few 
shavings of fJ. maerocarpa. The spores from a spore suspension were dis- 
persed on the substrate with a sterile platinum loop. An exaiiiination of 
the plates two days after inoculatioii showed that approximately 50 per cent 
of the spores had germinated. Later attempts with the same medium did 
not prove successful. 

In order to study the effect of the rot on the wood, artificial inoculation 
wUvS iiiidertakeii in the laboratory. The procedure used in preparing sound 
wood for inoculation was as follows ; A section of trunk 16 inches in diameter 
was sawed into blocks one inch scpiare by three inches long. These were soaked 
in water under a bell jar for about an hour at reduced pressure. They -were 
then sterilized in an Arnold sterilizer on three successive days for periods 
of a half hour. At the conclusion of this treatment a moisture content of 40~ 
50 per cent was obtained, as determined by weighing samples, then drying 
out these samples and reweighing. The blocks of wood were tlien removed 
aseptieally from the containers in winch they were sterilized and placed on 
sterile glass slides in specially prepared culture dishes; these contained a 
growth of inyceliuni of P. hasilaris, with wdiieh they had been inoculated. 
The culture dishes liad been prepared some days previous to the preparation 
of the blocks of wood, so that the fungus isolated from the tissue of the 
sporophore could develop a heavy mat of mycelium. Two per cent malt 
extract agar was used as a culture medium. The dishes containing the 
blocks of wood w’^ere then iffaced in a humid chamber at 25^ 0 zi: 3°. 
Starting the wood to rot over a young vigorous mat of mycelium consider- 
ably shortens the time required to rot the wood. By this method several points 
of infection occur at once and the fnngiis is able to maintain itself on the 
nutrient until it becomes established on the wmoci 

The growth of the myeelium of P. hasilaris over the blocks of C. macro- 
earpa in eulture is rather slow. Only a thin threadlike retieiilinn of inter- 
woven hyphae covers the surface of the block of wood in a sparse white 
growth. A block of wood split lengthwise with the grain, however, shows that 
the fungus penetrates the wood readily. A thin Avhite coating of myeelium eaii 
sometimes be observed on the freshly split simfaee. The wood seems waxy 
to the touch. In the last stages of decay it is brittle, and when it dries out 
many fine cracks develop (fig. 45). 

Chemical analyses were made at three periods during the process of 
decay so that various changes in the composition of the wood could be noted. 
Preparation for the analyses was as follows: Wood blocks which had been 
exposed to the activity of the fungus for a certain period were taken from 
eulture, dried, and the loss in weight determined. The rotted wood was then 
ground, sieved, and divided into 60-80 mesh and 80-100 mesh samples. The 
sawdust used in the sound wood analysis -was prepared by holding a rasp 
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against a block of wood as it was turned on a latlie. The method of tlie 
Forest Products Laboratory- was used in the analysis of tlie wood samples 
except as follows : the water soluble eoinpoiient was determined by extracting, 
with the use of a Soxlet extractor, for four hours at a temperature of 85° C. 
The chlorine gas was onh" approximately measured and no cooling system 
was used around the chlorinating chamber. Although these changes in pro- 
cedure are not conventional, any method of wood analysis now available is 
subject to criticism. The results showed, in geiiei*al, that there tvas a progres- 
sive utilization of wood components in the wood. Samples taken at successive 
intervals during exposure to the fungus showed losses in weight of 10.2, 
18.1, and 39 per cent. Table 2 shows the relative percentages of the com- 
ponents of the rotted wood, sound wood, and sporophore tissue. The values 
obtained from the sporophore tissue differ in several respects from those 
of the sound and decayed wood. 

TABLE 2 

Analysis of sound and decayed ivood of Cupressus macroearpa and sporophore tissue 
of Folyporus dasUaris, 



Wood decayed in culture 

Sound wood 

Sporophore 

Loss in weight 

Water soluble 

10.2% 

10.68 

18.1% 

10.19 

39.0% 

11.50 

11.05 

30.14 

Aleoliol benzene soluble 

6.91 

4.18 

3.78 

9.77 

16.0 

Cellulose 

40.94 

32.83 

18.48 

! 46.2 

43.4 

Lignin 

17.87 

30.8 

22.8 

31.1 

13.35 

Pentosans 

12.78 

10.57 

6.53 

8.62 

26.9 

Ash .. 

0.476 

0.516 

0.27 

0.339 



SUMMARY 

(1) A study made in the field on the occuiTenee of the pocket rot caused 
by P. hasilaris in C, macroearpa showed that only 2 per cent of the trees 
wTre infected by the time they were 26 jmars old, while in anotlier >staiid 
88 per cent of the trees were infected at the average age of 65 years. 

(2) The rot caused by P. hasilaris was found to be limited to the bole of 
the tree. Only occasionally wms it present in the branches and roots. 

(3) In the incipient stages of decay only small pockets of rot were foiiiKi 
These grew’' in size and finally coalesced to form large masses of decayed 
wood. 

(4) Sporpphores recurring season after season have been found on both 
living and dead cypress trunks. Spornlation from these was found to occur 
for periods up to 45 days. Sporulating fruiting bodies wTre obtained in cul- 
ture and spore germination secured. 

(5) P. lasilarh wms grown in culture on specially prepared wood blocks 
of C, macroearpa and the rate of growth found to be very slow. 

2 Bray, M.' W., in Paper Trade Jour. 87(25)': 59-68. 192,8. ' '' ''f 
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(6) Analyses made on n'ood samples from blocks wliieli bad lost 10.2, 
18.1, and 39 per cent weight during the process of decay showed a pro- 
gressive utilization by the fungus of many of tlie components of the wood. 

The author is greatly indebted to Dr. Lee Boiiar, Department of Botany, 
IJiiiversity of California, who began the original investigation on Polyporus 
dasilaris. His helpful advice and constant encouragement have been much 
appreciated, 

Berkeley, California 



NEW COMBINATIONS AND NEW NAMES IN THE 

UMBELLIFERAE 

Mildred E. Mathias and Lincoln Constance 


Tile aiitliors have been preparing a revision of the IJinbelliferae for 
North American Flora. The purpose of this paper is to list certain new eoni- 
b illations and new names. 

Arracacia Bancr. in Jamaica Jour. 4 : 18. 1826. The following* new com- 
binations and new names are necessary: 

Arracacia arguta (Rose) Mathias & Constance, comb. nov. Museniopsis 
arguta Rose, Coiitr. U. S. Nat. Herb. 8: 336, 1905. Taiischk drudeophij- 
t Okies Macbr., Contr. Gray Herb. n. s. 56: 33. 1918. 

Arracacia atropubpurea (Lehm.) Benth. & Hook. var. brevipes (Coiilt. 
& Rose) Mathias & Constance, comb. nov. Arracacia brevipes Coult. & 
Rose, Contr. IT, S. Nat. Herb, 3 : 296. 1895. 

Arracacia anomala Mathias & Constance, nom. nov. Museniopsis pubes- 
cens Coult. & Rose, Proc. Wash. Acad. 1 : 134. 1900. Not xirracacia pubes- 
cens Wolff, 1910. Tauschia pubescens Macbr. Contr. Grav Herb. ii. s. 56: 
33. 1918. 

Arracacia tolucensis (HBK) Henisl. var. multifida (AYats.) Mathias 
& Constance, comb. nov. Arracacki niuRi/icZa AVats. Proc. Amer, Acad. 26: 
136. 1891. Arracacia dissecta Coult. & Rose, Proc. AAMsh. Acad. 1: 141. 
1900. Arracacia Dugesii Coult. & Rose, op. eit., p. 141. Arenaria ^mdiifida 
AA^ats. ex Durand & Jackson, Ind. Kew' Suppl. 1 : 36. 1902, error. Armcachf 
tenuifolia Rose, Contr. U. S. Nat. Herb. 10: 127. 1906. 

Arracacia Schiedei (AYoltf) Alathias & Constance, comb. nov. Nema- 
tosciadium Schiedei AYolff in Pedde, Repert. 9: 419. 1911. 

Tauschia Sclileeiit. Linnaea 9: 607. 1834. Not Tauschia Preissler, 1828. 
Deiveya Tovi\ & Gray, FL N. Amer. 1: 641. 1840. Muse nio2)sis Coult. & 
Rose, Rev. N. Amer. Umbel. 26, 122. 1888, as to type species only. Hespero- 
genia Coult & Rose, Contr. U. S. Nat. Herb. 5: 203. 1899. Drudeophytum 
Coult. & Rose, Contr. U. S. Nat. Herb. 7 : 80. 1900. Yalaea DC. of authors 
in part. 

Macbride^ was correct in referring these various species to the one genus 
Tauschia Sehlecht. which has been conserved over Tauschia Preissler. The 
following new combinations are necessary : 

Tauschia glauca (Coult. & Rose) Mathias & Constance, comb. nov. 
Velaea glauca Coult. & Rose, Contr. U. S. Nat. Herb. 3: 321, pi. 14. 1895. 
B rude opliy turn glaueum Coult. & Rose, Contr. H S. Nat. Herb. 7: 82. 1900. 
Yelem glauca var. purpurascens J. T. Howell, Leafl. AA^est. Bot. 2 : 185. 1939. 

Tauschia Stricklandi (Coult. & Rose) Mathias & Constance, comb. nov. 
Hesperogenia StricMandi Coult. & Rose, Contr. U. S. Nat. Herb. 5: 203, 
pi ■27, 1899. Zkia StricMandi K-PoL Bull. Soe. Nat. Mosc. n. s. 29 (1915 ) : 
200.. 1916.1, 


1 Macbride, Contr. Grey Herb. n. s. 56: 2S. 1918. 
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Tauschia tenuifolia (Wats.) Mathias &■ Constaiiee, eoiiib. iiov. EiilopJius 
teiiiiifolius Wats. Proc. Aiiier. Aead. 23 : 276. 1888. Velaea tenuifolia Driide 
ill Eiiffi. &■ Praiitl, Pflaiizeiifani. 3 (8) : 169. 1898. Miisemopsis tenuifolia 
Coult.^& Rose, Coiitr. U. S. Nat. Herb. 3: 302. 1895. 

Donnellsmitiiia Coiilt. & Rose, Bot. Gaz. 15: 15. 1890. Museniopsis 
Coiilt. & Rose, ReA^ N. Anier. Umbel. 26, 122. 1888, as to Mexican species, not 
as to type species. Schiedeophytum Wolff, in Pedde Repert. 9: 419. 1911. 

The genus Donyiellsmithia^ based on the species D. guatemalensis, has 
been considered inonotypic. This study has shown that the iiiimeroiis Mexi- 
can species referred to Museniopsis and the inonotypic genera Donnell- 
smifliia and Rc/u*cdcop/ti/tKin constitute a natural generic unit for which the 
name BonneUsmithia must be used. The following new combinations are 
necessary. 

Donnellsmithia biennis (Coult. & Rose) Mathias & Constance, comb. nov. 
Museniopsis aegopodioides Coult. & Rose, Contr. IT. S. Nat, Herb. 3: 302. 
1895, as to specimens cited, not as to synonymy and not including name- 
bearing synonym. 3Iuseniopsis hiennis Coult. & Rose, Proc. Wash. Acad. 
1: 130. 1900. Tauschia l)iennis Maebr. Contr. Gray Herb. n. s. 56: 32. 1918. 

Donnellsmithia cordata (Coult. & Rose) Mathias & Constance, comb, 
nov. Miisemopsis cordata Coult. & Rose, Contr. U. S. Nat. Herb. 3: 304. 
1895. 3Iuseniopsis scabrella Coult. & Rose, op. eit, p. 304. Velaea cordata 
Drude in Engl. & Praiitl, Pfianzenfani. 3 (8) : 169. 1898. Velaea scahrella 
Drude, op. cit., p. 169. Tauschia scabreUa Maebr. Contr. Gray Herb. n. s. 
56: 33. 1918. 

Donnellsmithia dissecta (Coult. & Rose) Mathias & Constance, comb, 
nov. Sluseniopsis dissecta Coult. & Rose, Contr. U. S. Nat. Herb. 3: 304. 
1895. Velaea dissecta Drude in Engl. & Praiitl, Pflanzeiifam. 3 (8) : 169. 
1898. TauscJiia pinetorum. Brandegee, Univ. Calif. Pnbl. Bot. 10: 413. 1924. 

Donnellsmithia madrensis (Coult. & Rose) Mathias & Constance, comb, 
nov. 3Tuseniopsis madrensis Coult. &Rose, Proc. Wash. Acad. 1: 130. 1900. 

Donnellsmithia mexicana (Robins.) Mathias & Constance, comb. nov. 
Fimpinella mexicana Robins. Proc. Amer. Acad. 26: 164. 1891. Schiedeo- 
phytum fallax Wolif in Fedde, Repert. 9 : 420. 1911. Schiedeophytum mex-h 
ca7ium Wolff in Engl. & Praiitl, Pflanzeiir. 90: 326. 1927. 

Donnellsmithia ovata (Coult. & Rose) Mathias <& Constance, comb. nov. 
Museniopsis ovata Coult. & Rose, Proc. Wash. Acad. 1 : 133. 1900. f 3:Iusenh 
opsis bietinis Y&T. pinnatisecta Riley, Kew Bull. 1924: 22. 1924. 

Donnellsmithia peucedanoides (HBK) Mathias & Constance, comb. nov. 
Cn/idium peucedanoides HBK. Nov. Gen. et Sp. 5: 15. 1821. Eulophus 
peucedanoides Beiitli. & Hook. Gen. PL 1: 885. 1867. Eulophus ternatus 
Wats. Proc. Amer. Acad. 23: 276. 1888. Coult. 

& Rose, Contr. U. S. Nat. Herb. 3: 303. 1895. 3lusemopsis iernata Coult. & 
Rose, op. cit., p. 303. 3lusemopsis ternata var. filifolia Coult. & Rose, op, 
eit. p. 303. Museniiopsis Schaffneti Coult. & Rose, op. cit., p. 303. Velaea 
peucedanoides Drude in Engl. & Prantl, Pflanzeiifam. 3 (8) : 169. 1898. 
■Velaeut teriiaia Drude, op. cit., p. 169. UeZaca op. cit., j). 

169. p Contr. Gray Herb. n. s. 56 : 32. 1918. 

'f Peueedammjuneeum Hiimb. & BonpL ex Spreng. in Roem. & Scdiult. Syst. 
Yeg. 6:,572. 1820. 
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Donnellsahthia peucedanoides (HBK) Matliias & Constanee var. pur- 
purea (’Coiilt. & Rose) Mathias & Coiistaiiee, eouib. iiov. Mmeniopsis ■pur- 
purea Corilt. & Rose, Proe. AYasli. Aead. 1: 132. 1900. 

Donnelismithia reticulata (Coiilt. & Rose) Mathias & Coiistaiiee, eonib. 
iiov. 3Iuseniopsis reficiilafa Coiilt. & Rose, Proe. Mhish. xlead. 1: 133. 1900. 

Donnelismithia serrata (Coult. & Rose) Matliias & Constanee, eomh. iiov. 
Museniopsis serrata Coiilt. & Rose, Contr. U. S. Nat. Herb. 3: 304. 1895. 
Velaea serrata Drnde in Eiigi. & Prantl, Pfiaiizenfam. 3 (8) : 170. 1898. 

Donnelismithia submontana (Coiilt. & Rose) Mathias & Constance, 
comb. iiOAA Museniopsis suhmontana Coult. & Rose, Proe. Wasli. Aead. 1: 
131 1900. 

Donnelismithia tuberosa (Coult. & Rose) Matliias & Constanee, eornb. 
iiov. Museniopsis tuherosa Coult. & Rose, Contr. U. S. Nat, Herb. 3: 303. 
1895. Yelaea tuherosa Driide in Engl. & Prantl, Pflanzenfain. 3 (8) : 169. 
1898. Museniopsis tenuisswia Coult. & Rose, Proe. "Wash. Aead. 1: 131. 1900. 
Musenifjpsis glauca Coult. & Rose, op. eit., p. 131. Museniopsis fusiforniis 
Rose, Contr. U. S. Nat. Herb. 8: 337. 1905. Taiischia fusiforniis Macbr. 
Contr. Gray Herb. n. s. 56 : 32. 1918. 

Leptotaenia Nutt. 

Leptotaqnia Hendersoni (Coult. & Rose) Matliias & Constanee, eonib. 
IIOV. Peucsdaniim Hendersoni Coult. & Rose, Bot. Gaz. 13: 210. 1888 ; Rev. 
N. Anier. Umbel. 56. 1888. Leptotaenia Leibergi Coult. & Rose, Contr. U. S. 
Nat. Herb. 7: 202, pi. 7. 1900. LomaUiim Hendersoni Coult. & Rose, Contr. 
IT. S. Nat. Herb. 7: 209. 1900. CoejsweUia Hendersoni Jones, Contr. AYest- 
erii Bot. 12: 33. 1908. 

Since the publication of the revision of the genus Loinatium} the authors 
have seen speeiinens of the type eolleetion of Peucedanuni Hendersoni 
deposited in the herbarium of the Uiiiversity of Oregon. This species is 
without question identical with Leptotaenia Leihergi. 

Ligustioella Coult. & Rose 

Ligusticella Macounii (Coult. & Rose) Matliias & Constanee, comb, nov. 
Ligusticum Macounii Coult. & Rose, Contr. U. S. Nat. Herb. 1: 289. pi. '23. 
1893. Orumhella Macounii Coult. k Rose, Contr. IT. S. Nat. Herb. 12: 446. 
1909. 

Ligitsticijm L. , . 

Ligusticum filiginum AYats. var. tenuifolium (AYats.) Mathias & Gon- 
stanee, comb. nov. Ligusticum tenuifolium AA^ats. Proe. Amer. Aead. 14: 
293. 1879. Liqusticum oregannm Coult. & Rose. Contr. IT. S. Nat. Herb, 
7: 138. 1900. 

Ligusticum PoRTERi Coult. &. Rose var. brevilobum (Rydb.) Matliias & 
Coiistauee, comb. nov. Ijigusticum hreinlolmm. Rydb. El. Rocky Mts. 613, 
1064.1917'." ■ 

POLYTAENIA DC, , 

Polytaenia texana (Gonit. & Rose) Matliias & Consf^^^ comb. nov. 
Poly taenia NuttaUii var. texana ConlL.& Rose,, Contr. UV;S.:'Nat,',Herb.)^ 


1 Mathias, Ann. Mo. Bot. Gard. 25: 225-297. 1938. 
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192. 1900. Plciotaeiua Nuttallii var. fexiDia Coiilt. & Rose, op. cit. 12: 448. 
1909. Phanerofaenia texana St. John, Rhodora, 21: 182. 1919. 

Rhodosciadium Goiilt. & Rose. 

The geiiiis Beanea €h)iilter and Rose is referred to Ehodosciadiwn^ 
liiakiiig’ tlie following new combinations and new names iiecessarA’- : 

Rhodosciadium argutum (Rose) Mathias & Constance, eonib. hoy. 
Beanea arguta Rose, Contr. U. S. Nat. Herb. 10: 128. 1906. 

Rhodosciadium diffusum (Coiilt. & Rose) Mathias & Constance, comb, 
liov. Beanea diffusa Coiilt. & Rose, Proe. AYash. Acad. 1 : 155. 1900. 

Rhodosciadium longipes (Rose) Mathias <&• Constance, comb. iiov. Be- 
anea longipes Rose, Contr. U. S. Nat. Herb. 10: 128. 1906. 

Rhodosciadium macrophyllum Mathias & Constance, nom. nov. Beanea 
glauca Coiilt. & Rose, Proe. AAAsh. Acad. 1: 156. 1900. Not Rhodosciadium 
(llaucum Conlt. & Rose. 1895. 

Rhodosciadium montanum (Conlt. & Rose) Mathias & Constance, comb, 
nov. Beanea moniana Conlt. & Rose, Proe. AYasii. Acad. 1: 155. 1900. 

Rhodosciadium Nelsoni (Conlt. & Rose) Mathias & Constance, comb, 
nov. Beanea Nelsoni Conlt. & Rose, Proe. AA^ash. Acad. 1: 155. 1900. 

Rhodosciadium purpureum (Rose) Mathias & Constanee, comb, nov. 
Beanea Pringlei Rose, Contr. IT. S. Nat. Herb. 10: 128. 1906. Not Rhoden 

sciadiitm Pringlei AYats., 1890. Beanea purpurea Rose, op. cit., p. 128. 

Spermolepis Raf. 

Spermolepis inermis (Nutt.) Mathias & Constanee, comb. nov. Lepto- 
caulis inermis Nutt, ex DC. Coll. Alem. 5: 39, pi. 10^ /. h. 1829. Lepfocaulis 
patens Nutt, ex DC. Prodr. 4: 107. 1830. Apimn pat e ns W 'din. Bibl. Ind. 
1: 413. 1878. Apiastrum patens Conlt. & Rose, Rev. N. Amer. Umbel. 110. 
1888. Spermedepis patens Robins. Rhodora 10: 34. 1908. Spermolepis 
patens var. inermis Alathias, Brittonia 2: 243. 1936. 

Department op Botany 
University of California 
Berkeley, California 
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FURTHER POLLEN STUDIES OF POST PLEISTOCENE BOGS 
IN THE PUGET LOWLAND OF WASHINGTON’ 

Henry P. Hansen 

(with two figures) 

INTRODUCTION 

The modifieatioii of the topography by Pleistocene giaeiation and the 
humid climate in the Puget Sound basin of western Washington has been 
favorable for the development of a larger number of bogs than in other 
areas of the Pacific northwest. The peat deposits are representatively located, 
and because the entire region is more or less homogeneous in topography, 
soil, climate, and phytogeography, pollen analyses of well-distributed bogs 
should reconstruct a fairly accurate picture of postglacial forest succession 
and general elimatie trends. This study is concerned with further pollen 
analyses of peat deposits located within this physiographic province. Pour 
other dei^osits, two in southwestern British Golmnbia and two near Seattle, 
have been previously studied, and all six pollen profiles seem to agree essen- 
tially on the indicated postglacial forest snceession (Hansen 1938, 1940a). 
This region was glaciated by both the Admiralty and the Yashon glaciers 
of the Pleistocene (Bretz 1913), and the latter has been generally correlated 
chronologically with the AYisconsin giaeiation of the middle west (xintevs 
1929). Fenneman (1931) classifies this region as the Puget Trough of the 
Pacific Border Province. 

The first bog is located a few miles north of Black Diamond, King County, 
in sect. 35 of T. 22 N., R. 6 B., approximately 20 miles east of Puget Sound, 
and at an elevation of about 450 feet above sea level. The depression in which 
it has been developed apparently was formed in irregular gToiiiid moraine 
or by damming of a small preglacial stream valley. The surrounding terrain 
is irregular and eoA^ered with glacial drift but is not extremely rugged. 
The bog is surrounded by a marginal ditch that supports a dense growth of 
willow Scoideriana) and hardback (Spiraea DouglasH), Near the 

northern margin a shallow, intermittent pond persists wherein grow yellow 
pondlily (N ymidiozantJmiS: poly , biickbean {MenyantUes irifoliata), 

1 Piiblislied with the ai3proval of the Monographs PubHeation Committee, Oregon 
State College, as Eeseareli Paper No. 37, School of Science, Department of Botany. 

' \ ' 
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and BulicJiium arundinaceum. The central and larg*er area is covered chiefly 
vvitli Labrador tea (Ledum groenlciiidiciim) , bog* laurel {Kfdfnui polifoha) , 
cotton grass (Erto-phoruiii gracile), buekbean, sedge (Car ex spp,). Sphagn um 
sp., and Lolyirich uni juniperinmn. An extensive zone of liardhaek siirroiiiids 
tliis eommiiiiity and is gradually eneroacdiing upon it. An invasion by lodge- 
2 )ole pine (Pinus cant aria) was under way, but has been destroyed by fire. 
On higher grouiid adjacent to the bog grow red alder (Ain us rubra), large- 
leaf maple (Acer macrophylhmi) , vine maple (A. circmatum) , ocean spray 
(Molodiscus discolor), syringa (Philadelphns Oordonianus) , Oregon ash 
(Fraxinus oregana), elderberry (Sambucus callicarpa), blueberry (Vac- 
cinium ovatum), salai (Gaultherki shallon), dewberry (Bubiis macrope- 
talus), fireweed (EpUohiiim angustifolmm) , bracken fern (Pteridiiim 
aquilmwn^^ and Douglas fir (Pseudoisuga taxifolia) . Many other herbaceous 
plants also exist in this eoinmunity. 

Peat samples were obtained with a Hiller borer at quarter-meter inter- 
vals. The depth of the bog ajiproximately in the center is 6 meters and it is 
underlain with sand. There are greater dej^ths indicated by a profile taken by 
Bigg and Richardson (1938). The lower quarter meter consists of silt, fol- 
lowed by limnie peat grading at 4 meters into fibrous peat which is present 
to the surface. Volcanic ash crystals occur at the 2-meter level, while in other 
parts of the bog ash exists as a well-defined layer. Ash is present in most of 
the bogs ill the Pacific northwest, and may occur as a layer or dispersed 
crystals, which is apparently deteiunined by the stage of hydrarch succession 
at the time of eruption. Sphagnum leaves first appear at 3.5 meters. 

The other bog is located about 3 miles north of Sedro “Woolley, Skagit 
County, in sect. 31 of T. 36 N., R. 5 E. It lies about 12 miles east of Puget 
Sound and almost 100 miles north of the former bog. The depression in which 
it has been fonned had its origin as a kettle pond in terraced outwash of the 
Samish River. The elevation is about 350 feet above sea level, and the foot- 
hills of the Cascade Range rise imniediateCy to the east. The bog comprises 
about 80 acres, with a deep lake persisting in the center. A submerged 
hydrosere exists in the lake, with a floating hydrosere of poiidweed (Potamo- 
geton mtams) and yellow poiidlily near the shore. Along the shore grow 
eiiimps of cattail latifoUa), purple marshlocks (Potent ilia padiis- 

tris), sedge, and Sphagmmi. Farther inland thrive Labrador tea, bog iaiirel, 
cranberry (Yacciniim oxy coccus), and hardback. On the margin of the 
bog are alder, willow, and other shrubby plants similar to those around the 
other. The southern portion is annually mowed for hay, while on the noidh- 
ern margin it is being sparingly invaded by trees, including western hemlock 
(Tsnga Jieterophylh) , w’-estern white pine (Pmus mo7iticola) , uid lodgepole 
pine. Peat samples were obtained with a Hiller borer at qparter-me ter inter- 
vals about 50 feet south of the lake. Here the lacustrine dej)osits are 9.5 meters 
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deep, tlie lower two and one-quarter meters composed of bine clay with a 
distinct metallic sheen. This was probably carried into the lake in late glacial 
or early postglacial time before the invasion of forests, as it is entirely devoid 
of pollen. The clay changes into dark limnic peat at 7.25 meters, which in 
turn grades into brown fibrous peat at 4 meters ; the latter is present to the 
surface. Sphagnum leaves first appear at 6.5 meters. Xo volcanic ash was 
found, either as a layer or dispersed crystals. 

FORESTS IN ADJACENT AREAS 

Since both bogs lie within the same physiographic, climatic, and phyto- 
geographic province, a discussion of the general phytosociological aspects 
may be applied to areas in the vicinity of both. All of the Puget lowland in 
western Washington lies within the Humid Transition life zone (Piper 
1906). The most characteristic tree of this zone is Douglas fir, and before 
lumbering, fire, and cultivation removed the virgin forest it was the pre- 
dominant tree in most areas. Clements’ classification of the major vegetation 
climaxes of North America includes the Puget Sound lowland in the hem- 
loek-cedar association of the Coast Forest (Weaver and Clements 1938). In 
this formation western hemlock, western red cedar {Thuja pUcata) and 
Douglas fir are the chief doininants, the latter persisting as a siibelimax spe- 
cies because of its aggressiveness in invading areas denuded by fire. However, 
the seedlings of Douglas fir do not grow on the forest flioor, -while the more 
tolerant hemlock, cedar, and lowland white fir (A7u>,9 grandis) readily gain 
a foothold and form an understory. The stand of Douglas fir gradually thins 
out because of wind, insects, disease, and lack of reprodiiction, whereas the 
others continue to expand. Bventnally, if fire and lumbering do not disrupt 
normal forest succession, hemlock, cedar, and lowland white fir will form 
the climax forest with large and mature Douglas fir scattered throughout. 
Munger (1940), studying the composition of forests of various ages, has 
shoTO that without fire or logging a Douglas fir forest would probably be 
converted to the climax type in five or six centuries. Other conifers of lesser 
importance in the Humid Transition zone inehide western w^hite pine, lodge- 
pole pine, Sitka sprnee {Picea sitcJiensis) , and silver fir (Abies mmbilis). 
Western white pine occurs occasionally on open knolls and well drained 
areas where the climax forest has been removed, and lodgepole pine is often 
the pioneer invader of hogs of areas where the soil has been disturbed. Sitka 
spruce is not common but ma}" be locally abnndaiit on swampy floodplains 
near sea level, while silver fir grows mixed with other conifers at higher 
elevations. Broadleaf trees and shrubs consist chiefly of red alder, broadleaf 
maple, Oregon ash, cottonwmod (PopwZif^ frm/torarpa), several specm^ of 
willow, and many other species of shrubs. These plants oeciir abimdantly on 
favorable sites as members of associes, facies, and socies. The western boun- 
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dary of tlie Canadian zone oeenpyiiig* liiglier altitudes lies aI)ont 20 miles to 
tlie east of both bogs. 

Forest type maps (1936) indicate 12 forest types witliiii a clistaiiee of S'- 
miles from ea^eh, bog. Douglas fir types of several size-elasses constitute about 
75 per cent of the forest cover in the vicinity of the Black Diamond bog. 
Other types in order of the size of their area are agrieiiltiiral and iioii-agri- 
eiiltiiral lands, recent and noii-restocked cutovers, hardwoods, and spnice- 
liemloek-cedar. Adjacent to the Sedro Woolley bog recent and iion-restoeked 
cutovers comprise about 25 per cent of the area, and Douglas fir types of all 
size-classes comprise an equal area. Other types in order of their area ineliKle 
iion-agriciiltiirai lands, spnice-hemloek-eedar, hardwoods, and a small area 
of balsam fir-iiiouiitain lieniloek-npxier slope type. The latter type does not 
exist within 8 miles of the Black Diamond bog. The spriiee-hemloek-cedar 
type is more extensive and nearer to the Sedro Woolley bog, and is better 
represented b}' liiglier proportions of western heniloek and Sitka si^ruee 
pollen in tlie upper levels. On the other hand, Douglas fir is recorded in a 
much greater iiroportioii in the upper levels of the Black Diamond bog, 
because of the large area occupied by Douglas fir types in this vicinity. It is. 
probable that iiolleii from forests well beyond an 8 mile radius is recorded, 
but the relative area covered by dilferent forest types adjacent to peat 
deposits seem to be somewhat proportionately reflected in the upper strata 
(Hansen 1940 b). 

In his classification of the climatic provinces of North America, Thorn- 
tliwaite (1931) designates most of the Puget Sound basin as having a humid, 
microtlierrnal elimate Avitli adequate preeipitation at all seasons. Thorn- 
thwaite^s climatic provinces are based upon the relation between humidity, 
temperature, and seasonal distribution of preeipitation. A small area adjoin- 
ing the southeastern ti^i of Puget Sound is indicated as liaving a similar 
climate, but with a summer deficiency in 2 :)reeipitation. This area is spoken 
of locally as the d* Tacoma prairies^' (Jones 1936), because of the general 
absence of forests, although at imesent it is being invaded by oak (Qiterens 
Garryana) and Douglas fir. It is possible, however, that the porosity of the 
gTavelly glacial out wash that covers this area and its rapid drainage are 
more responsible for the dearth of trees than the limited suimner rainfalL 
The mean annual precdpitatioii at Tacoma, Washington, is greater than in 
other Puget Sound areas that siippox't the heinloek-cedar eliniax forest. 
Piper (1906) designated this area as the Humid Transition (prairies) life 
zone. The mean amiual preeipitation at Kent, about 10 miles west of the 
Black Diamond bog is approximately 37 inches, and at Sedro Woolley 47 
iiiehes (U, S. Weather Biii’eaii 1936). A higher proportion of the annual 
preeipitation oceuTs during the growing months at the latter station. The 
rainfall at Kent, however, is somewhat lower than at higher elevations to the 
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east in tlie Yiciiiity of the Black Diamond bog*. Greater rainfall oceiirs at 
Sedro Woolle}^ because of its location opposite the Straits of Juan de Puca, 
uiiile areas farther south in the Puget lowland are protected by the Olympic 
Mountains. 


METHODS 

In preparation for study about 2 ce. of peat w’ere boiled in a weak solu- 
tion of potassiuni hydrate, strained through cheesecloth, washed, centri- 
fuged, staiiied with gentian violet, and mounted in glycerin jelly. Exactly 
150 significant pollen grains Avere identified from each leA^el. The iion-signifi- 
caiit pollen AA^as also recorded hut not used in the eompiitatioii of percentages 
(tables 1, 2). Non-significant pollen is that from plants groAving locally on 
or near the bog, and is probably not indicative of adjacent forest succession. 
The significant species recorded as less than 1.5 per cent at any level are 
listed in the tables as 1 per cent. 

The identification of the species of Pinus and Abies pollen Avas based on 
their size ranges as described in a preAuons pai3er (Hansen 1940b). For 
2 >revious papers, as for this, 200 pollen grains of each Pacific iiortlmest 
species of Abies, Pinus, and Picea AA^ere measured and their size ranges 
determined. The niodern pollen Aras fossilized Avith a Aveak solution of potas- 
sium hydrate and mounted in glycerin jelly to simulate the conditions 
employed in preparing peat slides. All modern pollen Avas taken from living 
trees Avhen mature and being shed, rather than from herbarium specimens. 
In using pollen from dried herbarium specimens there may be danger that 
the pollen Avas not fully mature, and had not attained its full size AAdieii 
colleetecl. On the other hand, if the pollen Avere mature, there is the possi- 
bility that most of the pollen had been shed and that the remainder is not 
normal in size or shape. The latter situation is more significant Avhen tlie 
size-Auiriation frequency ciirA^e is used in the form of liistograiiis for com- 
parison AA'ith the size-variation freqneney of fossil pollen. A dearth of pollen 
of aA^erage size Aras noted by the author for Pinus contorta, P. ponder osa, and 
P, albimulis taken from dried specimens and immature fresh specimens, 
Avhich Avili be discussed in a later paper on size-Amriation frequency of Pacific 
north AA^est conifer pollens. 

In order of their size beginning with the smallest are Pin na contorta, P. 
nionticola, P, alhicauUs, and P. ponder osa ; the firs are Abies lasiocarpa, A. 
grandis, A., (imaMlis, and A. nohiUs; and the spruces are Picea sitchensis and 
P. Engelniamii^ T^e size range of each species overlaps that of both smaller 
and larger species, Avith the exception of lodgepole pine AAdiich seems to over- 
lap Avestern AAAite pine slightly or not at ail, Pinus albieaidis overlaps AAdiite 
and yelioAv pine, AAdiicli makes it impractical to attempt to separate this 
species from the other tAA’o. 'White-bark pine, ImAA^er, is a timberliue tree 
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and probably never was abundant during postglacial forest succession. 
Likewise Abies amaMlis overlaps tlie smaller A. grmulis and larger nobilis 
and is virtually impossible to separate from these two species. Xo attempt 
lias been made in this paper to separate sih’-er fir, altliongli all of the fir 
pollen falls within the range of lovland white fir. Whereas the pollen 
size ranges of Sitka and Engelinann spruce overlap to some extent, their 
geographic ranges are not known to overlap in Washington. In this paper it 
is assiiiiied that all spruce pollen is that of Sitka spruce, because of the low 
altitude of the bogs and adjacent areas. It is realized, however, that Eiigel- 
iiianii spruce pollen may have reached the bogs from higher altitudes to the 
east. An interesting and important fact was learned recently eoncerning the 
pollen of mountain hemlock (Tsuga Merfensktna) . Pollen of this species col- 
lected on Mt. Eaiiiier was found to have bladders, somewhat similar to that 
of pine, fir, and spruce. It may be differentiated from these species, however, 
because of the spheroidal cell and fine reticulum of the bladders. Through 
correspondence with Wodehouse after his examination of the pollen it was 
found that he had learned of the bladders on inoiiiitain heiiiloek after lie had 
published his book on pollen (1935). He refers to the presence of bladders 
on fossil hemlock pollen from the Eocene and Tertiary, some with and some 
without, and ail gradations between. Pollen collected from presumably 
Tsiiga MeTtensiana on the University of Washington campus at Seattle has 
no bladders, which may indicate a similar gradation for this species. A 
further check, however, as well as collection of pollen from other trees must 
be made to verify or refute this possibility. The pollen of Thuja plicafa 
seems to be iiidistingiiishable from that of species of Chamaecgparis^ Jun- 
ipei'iis^ mid Taxus, Pollen of western red cedar and other similar genera is 
not well preserved in peat deposits, although cedar is one of the chief domi- 
nants in the coast forest. This is evidenced by the apparent absence of cedar 
pollen in the upper strata of peat deposits even though this tree may live on 
the bog itself. Observations suggest that western red cedar does not i>roduee 
as much pollen as pine, Douglas fir, and hemlock, whieii adds to its degree 
of under-representation. Pollen profiles are therefore somewhat distorted, 
especially in the upper levels, since red cedar probably has plaj^ed no small 
part in later postglacial forest succession. 

In identifying fossil pollen the size of the cell is noted and if within the 
limits of overlap of other species of the same genus, distorted in shape, 
broken, or impossible to measure because of its position, it is discarded as 
an unknown. In previous papers the proportion of conifer pollen thus dis- 
carded varied from less than 1 to 12 per cent of the rest of the significant 
pollen. In this paper the number of discarded pine pollen grains for each 
level is listed, in :the tables. , The separation of species'''Of pine, pollen ;is not: so 
difficult, nor so important in the Puget .lowland' as .hi' 'montane: bogs ',mt. of' 
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the Cascade divide. In the latter region more species are involved and it is 
iiiiicli more ahiiiidaiit, since there pine played a far more iriiportaiit role in 
postgiaeial forest succession (Hansen 1939a, 1939b, 1939e, 1940b). In the 
Puget lowland lodgepole and western white pine apparently were pioneer 
postglacial invaders, and were soon replaced with Douglas fir and western 
liemiock early in post-Yashon time (Hansen 1938, 1940a). 

POSTGLACLAL FOREST SUCCESSION 

The pioneer postglacial forests to invade areas adjacent to both bogs 
consisted largely of lodgepole and western wliite pine. In the bottom level 
of the Black Diamond bog the former is recorded as 74 per cent, and in the 
Sedro Woolley bog as 66 per cent (figs. 1, 2) . Western white pine is 18 and 16 
lier cent respectively in the lowest strata. This record of preponderance of 
lodgepole pine in early postgiaeial time corroborates similar evidence indi- 
cated by pollen analyses of other bogs in the Puget lowland (Hansen 1938, 
1940a). In fact lodgepole pine seems to have been the chief pioneer post- 
glacial invader in most forested regions of the Pacific northwest, regardless 
of the present climax forest (Hansen 1939a, 1939b, 1940b). In other bogs 
that may not record all of postgiaeial forest snccessioii, or are located in 
glaciated valleys with unglaeiated ridges nearby, lodgepole pine is not pre- 
dominant in the lower levels (Hansen 1939c, 1940e) . This suggests that forest 
succession had already progressed beyond the initial lodgepole pine stage, or 
that other types of forests persisted on the ridges possibly throiiglioiit or at 
least during the latter part of the glacial period (Hansen 1939c, 1940b). In 
the Black Diamond bog lodgepole pine maintains a percentage of 70 or more 
in the low^er five levels. It decreases sharply from 70 per cent at 5 meters to 
26 per cent at 4.5 meters and eoiitinnes to decrease with minor fiuctiiatioii 
toward the surface. In the other bog lodgepole pine shows an immediate de- 
crease from the bottom upward to only 8 per cent at 5.75 meters, from wliich 
ievel it is recorded in negligible proportions. The edapliie conditions were 
probably less favorable for this species in the vicinity of the more northern 
bog, because of the extensive floodplain area afforded by the numerous streams 
near their mouths. The well drained, gravelly terrain adjacent to the Black 
Diamond bog wus more favorable for its persistence for a longer period of 
time. This is further suggested by the greater abundance of lowland white 
fir and Sitka spruce recorded in the lower strata of the Sedro Woolley bog 
(figs. 1, 2). Western white pine also diminishes upward in the profiles of 
both hogs, although it is more abundant near the bottom of the southern 
bog. This fact is also probably to be correlated with more ideal edapliie con- 
ditions in that vieinity. 

" Douglas fir und, western, hemlock are sparsely;Tepreseiited';m:;th:e,,lower 
levels uf b,otli bogs,', "but : the,'- former abruptly 'increases Inversely :■ with; :the 
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decrease of iodgepole pine (figs. 1, 2). In tlie Black Diamond bog Douglas fir 
is recorded as only 1 per cent in tlie lower three horizons and then sharply 
increases to 50 per cent at 4.75 meters. A more gradual increase is recorded 
ill the other bog, from 5 per cent at the bottom to 62 per cent at 6.25 meters. 
Ill the former Douglas fir remains constant with minor fluetiiatioii to 2 
meters, where it attains 60 per cent. It reaches its maximiini of 63 per cent 
at 3.75 meters, and then gradually declines from 2 meters to 33 per cent at 
the top. The Sedro Woolley profile shows that it likewise remained generally 
constant to 4.5 meters where 60 per cent is recorded, and then diminishes to 
18 per cent at 1.75 meters. Again it remains more or less static to 0.25 meter, 
then decreases to only 10 per cent at the surface. This last decline may he 
the result of fire or lumbering since the advent of white man. 

Hemlock has a lower gradient of increase in the pollen profiles and does 
not reach its maximum until later than Douglas fir, continiiing to increase 
long after the latter had attained its peak (figs. 1, 2). Hemlock supersedes 
Douglas fir at 1.25 meters in the Black Diamond bog, and i}i the other at 
2.75 meters. The maximum is reached at the surface in both bogs where 54 
and 61 per cent respectively are recorded. In the Sedro Woolley bog liemlock 
remains predominant to the surface after it supersedes Douglas fir, while in 
the other both species reniain more or less equal except at the surface, where 
hemlock exceeds Douglas fir by 21 per cent. The increase at tlie surface may 
be relative. It would be difficult to estimate the effects of a fire on the Black 
Diamond bog a decade or so ago. This siiccessioiial relationship between 
Douglas fir and western hemlock suggested by the present study further 
substantiates similar results obtained from other peat profiles in the Puget 
lowland. It also strengthens the evidence that Douglas fir is a subelinuix 
species, which lias persisted as one of the chief dominants in the hemlock- 
cedar climax siiiee it replaced the initial postglacial forest of Iodge])ole and 
western white pine. 

Sitka spruce pollen is present in all levels of both bogs. It shows little 
fliictiiatioii throughout the Black Diamond iDrofile, ranging from 1 to 6 ])er 
cent with the higher proportions in the lower half. In tlie other it plays a 
more important part, being recorded as high as 17 per cent at 1.75 meters. 
The higher proportions occur in the upper half of the profile. Pir, which 
consists chiefly of lowland white fir, is more abundant in the Sedro Woolley 
bog, being best represented in the lower half of the profile and attaining its 
maximum of 17 per cent at 3.5 meters. In the other its maximiim is 11 per 
cent at 0.5 meter, and it is consistently low thronghont the spectrum. As was 
previously stated, the extensive lowland area in the vicinity of Sedro 
Woolley is perhaps responsible for the greater abiiiidance of spriiee and fir 
pollen in that peat deposit. Sitka spruce is one of the chief dominants in the 
hemloek-spruce climax forest in the fog belt along the Pacific Ocean. Broad- 
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leaf trees are best represented by alder, and \yillow and maple are reeorded 
sporadically. Because of tlieir local oceiirreiiee these species are probably 
not indicators of forest succession. Sedge, cattail, waterlily, and erieads are 
represented in varying quantities and mark the progression of liydrareli 
siiccessioii in the bog itself. 

CLIMATIC CONSIDERATIONS 

111 several earlier papers on pollen analysis of Pacific northwest bogs, the 
author tentatively suggested a rather complex interpretation of postglacial 
climate. "With the study of additional pollen profiles in this region, a more 
intensive study of literature dealing with the charaeteristies, requirements, 
and distribution of northwest conifers, and observation of them in the field, 
the conelusion has been reached that the climate has not been the most impor- 
tant factor concerned with postglacial forest succession. Forest succession 
east of the Cascades may have been influenced more by climate than that in 
the Puget lowland. Tolerance of shade, longevity, amount and frequency of 
seed production and age at initial seed production, retention of viability, 
ability of seed to survive fire, rate of growth, size, adaptability, susceptibility 
to disease, ability to withstand wind and fire, soil i^eqiiirements, depth of 
root system, are some of the characteristics that in their interplay and com- 
promise with one another in the same and different species have largely 
influenced forest succession. Tolerance of shade, longevity, age at initial seed 
prodiietioii, and recovery after extensive fire are perhaps the most impor- 
tant. The present geographic and climatic ranges of the species concerned 
do not seem to he adequate criteria upon which to base interpretation of 
climatic trends from pollen profiles. The presence of a species in several 
regions may reflect different climates, depending upon the ecological rela- 
tions of its associates. Also, a species may respond differently in areas of 
similar climate when associated with different species, or edapliie and topo- 
graphic conditions. It would seem logical to assume that the optimum climate 
for a species prevails in a region where it makes its greatest sustained 
growth. Competition, however, may prevent its maximum development in 
■an area of optimum climate, while lack of competition may permit its greater 
development in a region with less favorable climate. It is realized that all 
groups of environmental factors, namely physiographic, edapliie, climatic, 
and biotic, form an intangible, interrelated complex, each factor modifying 
the effect of the others. Not only may the limiting factor belong to any group, 
but other factors may assume the limiting role if the balance is altered. 

In the heinlock-eedar climax of the Puget Sound basin, intoleranee of 
Douglas fir seedlings for shade is perhaps the principal catise of the siib- 
dimax status of this species. Aggressiveness in invading recei^^ burns and 
■cutovers has, enabled it, to pei'sist as one of .the eliief dominants, during .most 
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of postglacial time. Judd (1915) staled tliat Douglas fir exists in tlie Puget 
Sound region only as a temporary type, wliicdi would have vanished long ago 
if it had not been for the effects of holocaiistie fires. A parallel situation 
exists in northern Idaho, where western wliite pine likewise has been able 
to maiiitaiii itself in a region normally forested with a eliinax consisting of 
Avesterii hemlock, western red cedar, and lowland white fir (Hiibermann 
1935). A pollen profile from this region indicates that this has been true for 
a large portion of postglacial time (Hansen 1939a). 

The pioneer invasion by lodgepole pine may have been partly due to 
climate and largely due to unstable edaphic and physiographic eonditions. 
The characteristics of lodgepole pine are sucli that it thrives in a wider 
range of ecological conditions than other Pacific northwest conifers, which 
indicates that it can survive in a vacillating environment. Two traits, how- 
ever, that have prevented it from retaining its initial predominance in the 
Puget lowland are its intolerance of shade and its relatively short life. In a 
static environment it is unable to compete with the more tolerant and longer- 
lived Douglas fir which thrives almost as readily in a sterile soil. The pioneer 
invasion of deglaciated terrain is attributed to its glacial existence near 
the iee-froiit, its early and prolific seed production, retention of seed viabil- 
ity, and ability to germinate in sterile mineral soil left in the wake of the 
retreating ice. Lodgepole pine produces seed as early as six years, and so can 
migrate and re-establish itself readily under changing edaphic and phys- 
iographic conditions. A tree needing 25 years or more to produce seed 
w^oiild be at a disadvantage before an oscillating ice-front, because it might 
not reach this period before a radical change in ice-position, drainage, 
deposition, erosion, or iniuidation of site destroyed it. Douglas fir and w^est- 
ern hemlock would be unable to compete with lodgepole pine because of 
their greater age before producing seed. As the ice retreated farther and its 
wasting no longer created unstable edaphic and physiographie eonditions, 
these and less aggressive sl>eeie^s gained a foothold. With the moderated and 
more static eonditions, lodgepole was no longer able to compete with the 
longer-lived and more tolerant Douglas fir, and w^as replaced. The latter 
would have been replaced in timi by the more tolerant hemlock and red 
cedar if forest snceession were not periodically interrupted by fire, wliich 
caused a reversion to the subclimax type. If we assume that 500 years are 
necessary for a Douglas fir forest to be converted to the eliinax type, forest 
snceession must have been iiiteiTiipted many times during the postglacial 
time elapsed since the invasion of the first Douglas fir. 

While it may be assumed that forest succession progresses under a static 
climate, nevertheless there probably have been climatic trends during the. 
estimatecl 25,000 years since deglaciation. The proximity of the ice -would in 
itself afford a cooler climate, because melting ice absorbs considerable heat. 
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HANSEX: POLLEN STUDIES 

AYilids blowing off tiie ice may have failed to lose tlieir moisture. Chi tlie 
other hand the cooling effects upon the ocean-borne air currents may liaTe 
caused the latter to lose moisture. The pioneer forests suggest an initial cool 
and damp climate. The writer believes that it was dryer than the present 
humid climate. The existence of lodgepole pine in the wet climate along the 
Pacific Coast may be due to lack of competition by other species that cannot 
withstand the constant winds and sand-sheai% rather than to a hydrophilic 
nature. The increase of Douglas fir followed by that of hemlock suggests an 
increase in humidity and temperature to a maximum which may persist to 
the present. A decrease in humidity in the latter part of the jiostglaeial 
period is suggested by a sharp decline in Sitka spruce from a high maximiiiii 
recorded in a pollen profile in sontlnvestern British Coliinihia, about 60 miles 
northwest of Sedro "Woolley. 

The whole problem seems to resolve itself into the question of (1) what 
degree of species fl.uctiiation in a pollen profile indicates a change in forest 
composition, and (2) to what extent does a change in the forest composition 
justify an interpreted climatic trend. 

SUMMARY 

Postglacial forest succession in the Puget Sound basin evidenced by 
pollen studies of two post-Yashon bogs about 100 miles apart corroborates 
the evidence of previous analyses of other peat deposits in the same region. 

The pioneer forests consisted chiefly of lodgepole and western white pine. 
These w^ere replaced rather abruptly by Douglas fir, which was followed by 
a more gradual increase of western hemlock. In areas adjacent to the Sedro 
Woolley bog hemlock eventually superseded the former and retained its 
predominance to the present. In the vicinity of the other peat deposit, 
Douglas fir and hemlock have remained generally equal as indicated in the 
upper levels. 

Notwithstanding the evidence that forest succession in the Puget Sound 
basin is largely controlled by non-cliinatie factors, the author believes there 
have been several climatic trends, even though slight. The initial climate was 
perhaps cooler and dryer than the present humid, mierotlieiunal type. This 
wms succeeded b.y an increase in humidity with some w^arming. The maximum 
of the latter trend may persist to the present, as there is no indication in the 
pollen profiles of further change. 

Department OF Botany 
Oregon State College 
CORVALLIS; Oregon 
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THE GENUS ORCUTTIA 
Robert F. Hoo\t'r 

The knowledge of Oreutfia, a peculiar genus of grasses native to Califor- 
nia, until quite recently has beeji derived from an exceedingly small niiinber 
of diverse collections from widely separated localities. During the past few 
years, I have had the opportunity of studying in their native habitat all 
forms of Orcutfia except one. In view of the extremely scanty records pre- 
viously a^milable to botanists, it seems desirable to place on record tlie results 
of these studies. 

Ill 1886 Orcutfia calif or n lea was discovered by C. R. Oreiitt on the coast 
of Baja California. The plant was recognized by A'asey^ as representing a 
genus not previously described and was named for the collector. A collection 
made in the Saeraineiito Talley by E. L. Greene in 1890 proved to belong to 
the same genus but differed so markedly from the Orcntt speeimens in certain 
respects that it was regarded as a distinct species and named, also by Yasey, 
Orcutfia Oreenei. For a number of years thereafter, there is no further rec- 
ord of the finding of either of these species. A third eolieetioii, made in 
Shasta County, California, by Miss Alice Eastwood in 1912, was referred at 
first to 0. calif arnica but was later recognized as distinct and named Orcuttia 
tenuis by A. S. Hitchcock in 1934. It is rather remarkable that the first three 
collections of the genus should represent three different species. 

It was not until detailed studies of the neglected flora of the Great Talley 
of California were nndertakeii that the distribution and ecology of Orcuttia 
became fairly well known. The occurrence of 0. caltforuiea in the Great Tal- 
ley appears to have been first noted by Ivlyver- in connection with, an ecologic 
study of a transect of the Sierra Nevada in Fresno County. In 1935 I found 
a plant in Staiiislans and Merced Counties which was described as 0. 
■incu^qualisl Further study has indicated that O. maequaUs is merely a geo- 
graphically segregated variant of 0. calif or nica. In 1936 more extended field 
observations established the general distribution of that species in the Sail 
Joaqixiii Talley and also led to the rediscovery in the same region of G. 
Green ei. which had remained unknown since the time of its first eollection. 
In addition, 0. tenuis was again found in Shasta County, and a fourth spe- 
cies, previously luiknown, was collected in Stanislaus County. 

The grasses are generally thought to be exceptionally good subjects for 
herbarium study, because there is less distortion of the tissues in drying than 
in most groups of plants. However, even if the struetiiral features eould be 
perfectly preserved, proper evaluation of these features would not be 

1 West Am. Sck 3: 4-6. 1886. 

2' Ecology 12 M-17. 1931,' ■ kyv ; 

3 ■ Hoover, R. F., Notes on California grasses. Madrono 3: 227-230. 1936. , 
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obtained by examination of dried speeimens alone. Questions siicli as the 
following would still need to be aiis’wered: Wliieli differences among* iiidi- 
vidiial plants are directly due to nutrition, and which are iiidependeiit of 
eiiviroiinient ? In what respects does the plant change as it approaclies iiiatii- 
rity ? 'When two or more closely related foinns occur at the same locality, do 
they appear genetically distinct, or are they mixed in the same colonies in 
such a iiiamier as to suggest coinnioii parentage? A collector may select plants 
which illustrate extremes of variation and unintentionall}" overlook inter- 
mediate states. In siieii eases, field study is needed to demonstrate the exis- 
tence and the relative frecpiency of intermediates. 

Study of the plants as they gro^v has tended to minimize the importance 
of certain differences which have been regarded as specific characters, but 
at the same time has shovm that definite recognizable units actually exist in 
Orcuttia. Suffieient material has been available so tliat in no instanee has it 
been necessary to define a species on the basis of one collection only or of 
eolleetions made during a single year. The possibility of eonfusing seasonal 
variations with constant entities is thus avoided. The amount of pubescence, 
which was one of the characters used by Hitchcock^ as a means of distinguish- 
ing species in this genus, is found to be variable among plants which are 
otherwise identical and therefore is of little significance. Readily recogniz- 
able species in this genus are distinguished principally by the arrangement 
of the spikelets and the nature of the lemma teeth. Other features are often 
of some importance, but it is necessary to exercise caution in distinguishing 
between specific diiferences and individual variation. 

The ecological relationships of Orciittiu are extremely interesting and 
offer some puzzling problems for the attention of plant physiologists. All the 
species occupy the same sort of habitat, growing in clay soil of depressions, 
popularly called ^ 4iog-wullows, ’ ' wdiieh are filled with water during the 
rainy season but become dry in early summer. The genus occurs most exten- 
sively on the east side of the Great Valley of California (Sacramento and 
San Joaquin Valleys) but extends southward at widely separated localities 
into northern Baja California. In the Great Valley two of the species are 
rather common along a narrow^ strip near the border of the Sierra Nevada 
foothills. Although numerous ‘ ^ hog- wallow ’ ^ depressions similar to those 
inhabited by Orcuttia are frequent throughout the width of the valley, no 
species of Orcuttia has been found more than a few miles from the eastern 
margin. Two possibilities for this peculiar sort of distribution can be sug- 
gested. It has been observed that Orcuttia occurs nearly always in areas of 
red soil, chiefly of the San Joaquin series. Assuming that the red color indi- 
cates the preseiiee of a large amount of iron, it seems plausible that these 
grasses may be more sensitive to a deficiency of that element than are most 

^ Manual of tlie grasses of tlie United States. 1935. 
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plants. Another explanation is suggested by the fact that the soil of extensive 
areas in the Great Yalley, except near the eastern margin, eoiitaiiis large 
amounts of soluble minerals or ‘‘alkali/^ The absence of 'all species of 
Orcutt'ia from such areas indicates that these plants may be unable to tolerate 
either some particular substance or a eoiieentrated soil solution of any sort. 

All species of Orcuttia reach anthesis in May, when the soil where they 
grow is still moist but rapidly drying, and bear mature fruit in June and 
July, after the soil has become dry and hard. The flowers begin to develop 
at a time when the associated species of Downing ia , Allocarya, and 2IimiihiS 
have for the most part already come to maturity and wlieix Pogogyne, Bois- 
diivalia, and Navarretia are in full flower. The pereniiiai Enjngiuni Yaseijlf 
which reaches complete maturity even later in the summer, is often the only 
plant associated with Oreutf ia and actively growing at the same period, but 
such annuals as Cy perns aciminaf us and Bergia texana are sometimes com- 
ponents of the same plant society. 

Orcuttia tenuis and at least some forms of 0. calif arnica tend to produce 
long slender ribbon-like juvenile leaves before the development of the stems. 
The actual development of such floating leaves, however, depends to a large 
degree on eiiviroiimental conditions and is therefore not seen in all speci- 
mens. After the soil of the ' Jiog- wallow ” depressions has become quite dry, 
Orcuttia develops a hygroscopic viscid secretion having a eharacteristic odor. 
This secretion is evidently found in all forms of the genus but is rather 
sparingly produced in some. The amount of the seeretion a^xpears to vary 
also with the weather, being less noticeable on cool cdoudy days. This viscid 
fluid probably serves to prevent excessive wmter loss diiriiig the development 
of the fruit and becanse of its hygroscopic nature may even serve to supixly 
the plant with water from the atmosphere. 

The species of Orcuttia are, generally speaking, very easily exterminated 
by the operations of agricultiire. "With the apparent exception of 0. pilosa^ 
plowing of the ground Avhere they occur usually prevents the reappearance 
of these plants in following years. It has been eiistomaiy in plowing grain 
fields to pass over depressions which are filled with water for several months, 
since grain would not grow in such spots. This practice has caused the preser- 
vation of 0. Greenei and 0. calif ornica at many localities in the San Joaquin 
Valley. Summer irrigation, however, effectively exterminates these species. 
With the extensive replacement of wheat and barley by other crops requir- 
ing more intensive cnltivation, the final disappearance of Orcuttia from its 
nativ.e habitat miist soon take place. 

The phylogeny of Ore wtt/a is obscure. There is an obvious relationship 
to Neostapfiaj a very rare moiiotypic CaHfornian genus which grows in sim- 
ilar 'situations, mf ten ■ infassoeiation^with. ,.Neostapfiy is'; viscid '.like 

'' Orcuttia and has the, saihe distinctive. odor. 'There 'ismO' clear", indication ^that' 
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any other genus of grasses is closely related to these two genera. It is gen- 
erally agreed, that they are members of the tribe Fesf uceae. Because of its 
iiiibraiielied iiifiorescenee and vernal-pool habitat, I am iiieliiied to believe 
tliat Pleuropogon is involved in the ancestry of Orcuttia and Neostapfia^ but 
it is at present impossible to follow the course of evolutionary development 
ill this group of genera. In the spicate inflorescence there is a superficial re- 
semblance to Sesleria, an exclusively Old-World genus of perennials, wiiicli 
does not appear likely to be directly related to Orcnttici. Tlie striking simi- 
larity betAveen Orciiitia and Neostapfia and the characters of 0, (rreene} 
indicate the fallacy of classifying Orcuttia Avith such xeropliytic genera as 
PappopJioruni, in AThich the lemmas are parted into several aAvns, although 
some authors haA’e regarded the aAAui-like lemma-teeth of 0. cahtornica as 
eAudenee of relationsliip to such genera. Orcuttia is pecniiar in that not only 
the fruit itself but also the florets and the spikelets are persistent after 
maturity. The fruit is therefore not liberated until the entire plant disinte- 
grates during tlie folloAving rainy season. This remarkable feature may be 
regarded as an indication of highly adA^aneed phylogenetic position. 

It has been possible to examine material representing all kiioAvii collec- 
tions of Ore Hit id Avith the exception of the type of 0. Greenei^ of which I 
have seen a ])liotograph. A feAA- collections Avere made by the Avriter to s1ioa\' 
some biological feature, such as the long juA^enile leaves, and are not repre- 
sented by a full series of specimens. All other knoAvn collections of the genus 
are cited in this article. The material cited is preserved in the folloAving 
herbaria : California Academy of Sciences (CA), Dudley Ilerbarium, Stan- 
ford rniversity (S), UiiiA^ersity of California (UC). 

Decuttia Vasey, West Am. Sci. 3: 4. 1886. Annuals with fibrous roots. 
Plants from piio.se througiioiit to nearly glabrous, at maturity viscid and 
AAutli a eliaraeteristic odor suggesting that of lemons. Stems tufted, fragile at 
the nodes. Leaves differentiated into sheath and blade but Avith ligiile repre- 
sented only by a roAv of hairs, the blades involute in age. Infloi'eseenee 
spicate. Spikelets eonipressed, several-floAvered, persistent in fruit and tlie 
rachilla not disarticulating. Glumes cleft into 2~'5 acute teeth or sometim(‘s 
acute and entire. Lemma AAith about 11-15 A^eins, Avitli 5-9 acute or aAvn-lilvC 
teeth at apex. Palea Avith 2 green keels terminating beloAV the obtuse or sonie- 
AAliat three-lobed apex. Each cell of anther AAuth a minute papilla at the base 
and a short iiieiirved point at apex. Caryopsis small, yelloAvish, the embryo 
extending almost the entire length along one side. 

Tyi^e sFmms: Orcutti^^^ 

Key TO THE Species AND Varieties 

Spikelets spirally arranged, evenly distributed around tlie axis; lemma with 5 to 9 very 

short" teeth at apex l. 0. Greenei. 

Spikelets attached alternately on opposite sides of the axis, thus in two rows ; lemma with 
',5 rather long teeth. , " 

Spike 2 to 5 cm, dong, the axis nsually not strictly erect ; spikelets aseending, tending 
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to grow towMi'd one side, thus obseuriiig the two-ranked arrangement ; teeth, of lemma 
unequal, the middle tooth longest. 

Spikelets borne only on upper third or fourth of stem; glumes 2 to 5 mm. long; 
leinina 3 to 6 mm. long. 

Phiiit rather sparingly pilose, light green; spikelets 4 to 10, not crowded; 

(fruit imknown) 2. 0. ealifoniicu. 

Plant conspicuously pilose, grayish; spikelets 7 to 15, the upper densely 
crowded; caryopsis 1.3 to 1.75 mni. long. 

2a. 0. ealifornica var. inaequalis. 
Spikelets often extending as low as middle of stem; glumes 6 to 10 mm. long: 

lemma 6 to 8 mm. long; caryopsis 2.5 mm. long 2b. 0. ealifornica var. viseida. 

Spike 5 to 10 cm. long, the axis strictly erect ; sp>ikelets usually appressed to the axis, 
obviously two-ranked ; lateral teeth of lemma equalling the median tooth. 

Stems rather stout; leaf -blades when unrolled 2 to 6 mm. wide at widest point; 
upper spikelets densely crowded, all except the lowermost nuiny-tlowered. 

3. 0. piJo,s(i. 

Stems slender ; leaf-blades when unrolled 1 to 2 mm. wide at widest point ; spike- 
lets not croAvded, all except the iq)permost feAv-flowered 4. 0. lenuis. 

1. Orcuttia Greenei Yasey, Bot. Gaz. 16: 146. 1891. Plant not pro- 
dncing long* juvenile basal leaves, only slightly glandular at iiiatiirity ; stems 
5 to 30 ein. long, erect or decumbent at base ; nodes hairy, often purplish, 
excessively fragile in fresh plants ; leaves more or less hairy throughout or 
only on the upper surface of the blades, the sheaths shorter than the inter- 
nodes at maturity; spike 2 to 9 cm. long, enlarged toward apex; spikelets 
spirally arranged (not two-ranked), the lowest hardly longer than the inter- 
nodes, the upper congested, with 5 to 15 flowers; glumes 3 to 5 mm, long, 
toothed or subentire at apex; lemma 5 to 7 mm. long, rather sparingly 
hairy, broadest below the middle, obliquely truncate and ■with 2 to 4 very 
short teeth on either side of the prominent apical point ; palea obtusely three- 
lobed at apex, the veins terminating in the sinuses; anthers 3 to 3.5 Him. 
long ; caryopsis 2.25 to 2.5 mm. long, very minutely but rather eonspieiiously 
roughened. 

Great Valley of California, near the eastern margin from Tehama County 
to Tulare County. 

California — tehama go. : near Vina, Hoover 2249' (UC) . butte go. : near 
Chico, 1890, Greene (photograph of type, UC). san joaquin go. : Farming- 
ton, Hoover 1302 (CA) ; 2 miles east of Esealon, Hoover 1288 (S). Stanis- 
laus CO.: Paulsell, Hoover 2441 (UC) ; 3 miles nortlwest of Waterford, 
Hoover 1582 (CA), 2476 (S) ; 12 miles east of AYaterford, Hoover 1240 XCA, 
UC), 3625 (S). MERGED CO.: 2 miles northeast of Planada, Hoover 2303' (B, 
UC) ; 5 miles southeast of Le Grand, Hoover 1235 (CA). Madera co. : 8 miles 
north of Madera, Hoover 1251 (CA, UC) . presno co. : 5 miles east of Clovis, 
Hoover 2317 (S, UC) ; 4 miles north of Sanger, (CA). tulare 

CO. : AAWlake, iloordf (CA). 

This species appears to be the commonest of the genus and is remarkably 
uniform in its characters. Together with species such as Mmnanfhes vro'seaf 
Downingia or JiaUssimay eiiid D. mwahUiSf it belongs to a well defined group 
of endemic plants of the vernal pools in the Great Valley of California. The 
number of lemma-teeth has no taxonomic significance, as it varies within a 
single spikelet^ . ■ 
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From tlie above citations, it will be noticed tliat 0. Greenei appareiitbT 
occurs ill two separate areas, the upper Sacramento Valley and the eastern 
margin of the San Joaquin Valley. Study of the g'eographical distribution of 
other plants oeeurriiig in the same region indicates that the range of this 
species should be eontinuous. In all probability it has been overlooked by col- 
lectors ill the lower Saerameiito Valley, or perliaps it has already been exter- 
minated in that region. 

2. Obcuttia calipornica Vasey, West Am. Sci. 3: 4. 1886. Plant from 
sparingly to moderately pilose, evidently without long basal leaves in the 
typical form ; stems 10-50, spreading or ascending, 5-15 cm. long ; sheaths 
of leaves mostly longer than the internodes and eoncealing the nodes (ma- 
ture plants not seen) ; spikes 2—5 cm. long; spikelets alternate on opposite 
sides of the axis, ascending, tending to be all directed to one side, rather few 
(4r-10), the lower not overlapping and even the upper not densely crowded, 
with about 4 to 12 flowers ; glumes 2 to 4 mm. long ; lemma sparsely hairy or 
nearly glabrous, 4 to 5 mm. long, parted above the middle into 5 subulate 
teeth, the middle tooth slightly exceeding the lateral; anthers 2 to 2.75 mm. 
long ; fruit unknown. 

Coastal region from Eiverside County, California, to northern Baja Cali- 
fornia. 

California — riverside co. : Menifee Valley, Munz Johnston 5375 (CA, 
S, UC). Baja California: near San Quentin Bay, Orcutf 1439 (type col- 
lection, S, UC). , 

The species on which the genus was originally based is the only one whicli 
is still very poorly known in the typical form. I suspect that it occurs at 
other localities in the south but has been overlooked, just as the following 
variety in the San Joaciuin Valley was overlooked for many years. 

2a. Orcuttia c^llipornica Vasey var. inaequalis Hoover, comb. nov. 0. 
inaequalis Hoover, Madrono 3: 229. 1936. Plant grayish, rather densely 
pilose, prodiieiiig long basal floating leaves which usually disappear at 
maturity ; sheaths of leaves either longer or shorter than internodes ; stems 
from 1 to about 40, erect to spreading, 5-30 cm. long; spikelets 7-15, all 
except the lowermost densely crowded, with from 4 to as many as 30 flowers ; 
glumes 2-5 mm. long; lemmas hairy, 3-6 mm. long, the teeth eoiispieuoiisly 
luiequal, awix-tipped, the middle tooth longest; caryopsis about 1,3-1.75 mm, 
long.- ^ 

San Joaquin A^alley of California, near the eastern margin from Stanis- 
laus County to Tulare County. . . ■ ■ , 

CALiFORNiiL----sTANisLAUs GO.: 3 miles iiorthwest of AVaterford, Hoover 
1230 (GA) ; Montpellier, Hoover 582 (type, UC), 690 (CA, S, UC), 2599 
(QA) . MERCED CO. : Ever, Hoover 1256 (CA) ; 2 miles northeast of Planada, 
Hoover. 230:6 (S, UC). madera co. : 8 miles north of Madera, Hoover 1252 
(CA, UG). FRESNO CO. : near Panels Bridge, 1006 (S) ; 3 miles w^est 

•of Orange Cove, Hoover 1273 (CA). tulare co. : North Woodlake/Hoorer 
i280:;(CA). , ;:y. : 

:'';.The obseiwed'xlifferencesUetw plant 'End typical 0, calif ornica 
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are not sharply defined, but it is always possible to distiiigiiisli the two. This 
fact, together with the ivide geographical separation, makes it advisable to 
recognize a variety rather than treating the two forms as a unit. 

The variety niaequalis is characterized by some striking variations in 
habit. Although one habit form usually iirevails in any given locality, each 
colony shoAvs sulBcient variation to prevent any formal classification on that 
basis. The most common form in Stanislaus County has short aseendiiig 
stems. In Madera Coiuity a decumbent or prostrate phase is more frequent, 
Avhile in Tulare County most of the plants are tall and erect. Rarely the 
spikes are branched. 

2b. Orcuttia californica Yasey var. viscida Hoover, var. nov. Plant 
tending to produce long Juvenile leaves, becoming veiw viscid; spikes 2-5 
cm. long, the spikelets 5-15, more strictly ascending than in var. inaequalis 
and borne farther dovm on the stem ; glumes 6-10 mm. long; lemma 6-8 nim. 
long, with unequal aAvned teeth ; earyopsis 2-2.5 inni. long. 

Planta viscidissima ; leminatibus 6-8 mm. longis, deiitibiis aristatis; 
earyopside 2-2.5 mm. longa. 

Near the Sierra NeA^ada foothills in Sacramento Coiiiity, California. 

California — sacramento go.: 2 miles southeast of Orangevale, Carter 
1193 (UC) ; 7 miles south of Folsom, Hoover 3709 (UC, type, S). 

The long lemmas with aAAUied teeth give to A^ar. insekla a distinctive 
aspect. In vieAV of the geographical proximity of this variety to A^ar. 
inaequalis f the differences betAA^een the Taa^o shoAV a remarkable contrast to 
the similarities betAA^een var. inaequalis and typical 0. californica. These dif- 
ferences do not seem sufficiently Avell defiaied, hoAA^eA^er, to Avarrant specific 
segregation, especially Achile the size of the earyopsis in typical 0. californica 
is not yet knoAvn. 

3. Orcuttia pilosa HooAm’, sp. nov. Plant often producing long basal 
leaves Avhich early disappear, A^ery Auseid at maturity, pilose throughout but 
the backs of the leaves nearly glabrous ; stems erect but decumbent at 
base, 5-20 cm. tail, usually in dense tufts; spikes 5-10 eni. long, restricted 
to the upper half or third of the taller stems but extending nearly to the 
base of the shortest ; spikelets 8-18, tAA^o-ranked, strictly erect or sliglitly 
cuiwed outAA^ard, the upper densely crowded, about lO-lO-floAA^ered ; glumes 
about 3 mm. long, irregularly 3-5-tootbed ; lemmas 4-5 mm. long, parted 
above the middle into 5 equal teeth, the teeth slightly aAvn-tipped or merely 
acute; anthers 2.5-3 mm. long; caxyopsis 1.75-2 mm. long. 

Planta omnino pilosa, in maturitate Auscidissima ; culmis 4-50, erectis sed 
basi decnmbentibus, 5-20 cm. altis; spiels 5-10 cm. longis ; spiciiiis 8-18, 
biseriatis, ca. 10-40 fioribus, superioribus dense eongestis; gliimis ea. 3 mm. 
longis; leminatibus 4-5 mm. longis, dentibus aeqiialibus; antheris 2.5-3 mm. 
longis ; earyopside 1.75-2 mm. longa. 

East side of the San Joaquin Valley of California from Stanislaus 
County to 'Madera. .County. , 
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California — Stanislaus co. : 12 miles east of lYaterford, Hoover 1298 
(CA), 36.24 (UC, TYPE, S). madera co. : 3 miles from Madera on Nortlifork 
road, 1938, Wagnon (UC) ; Croeker-Hoffiiiaii Raiicli, 1938, Wagiion (UC). 

In general aspect this Yerv rare species is quite different from 0. tenuis^ 
wliicli it closely resembles in structural details. As long as 0. kad 

been found only at one locality in Stanislaus County, tliere was reason to 
suspect that it was merely a robust form of 0. tenuis^ and a few speeimeiis 
were distributed bj” tlie wmiter under that name, but the occurrence of 
exactly the same form in Madera County indicates that it is a well defined 
and constant entity and therefore worthy of taxonomic recognition. This 
eonelusion is supported by geographical considerations. AVithin their widely 
separated ranges, 0. tenuis and 0. 'pilosa yary only within definite limits and 
neyer simulate each other in appearance, although it is difficult to find an 
entirely eonyincing morphologic basis for their segregation. 

4. Orcuttia tenuis A. S. Hitchcock, Am. Jour. Bot. 21: 131. 1934. 
Plant under fayorable eonditions producing long floating juvenile leaves, 
becoming very viscid at maturity, S-lb cm. tall ; stems 1-18, slender, strictly 
erect or wdieii crowded decumbent at base ; leaves thinly pilose throughout 
or sometimes only on the upper surface of the blades ; spike 5-9 cm. long, 
extending usually below the middle of the stem, often nearly to the base ; 
spikelets 6-12, not crowded, strictly erect, sparsely pilose or sometimes 
glabrous, with 2-10 flowers (all except the uppermost few-flowered), the 
lower distant; glumes 3-5 mm. long, with 2-5 teeth at apex; lemma 4.5-6 
mm. long, parted above the middle into 5 equal awn-tipped teeth ; anthers 
2.75-3.5 mm. long; fruit unknown. 

Shasta and Tehama Counties, California, east of the Sacramento River. 

California — shasta co. *. Goose Valley, Eastwood 1013 (type collection, 
GA, UC) ; 5 miles east of Redding, Hoover 2268 (S, UC) ; 4 miles north of 
Anderson, Hoover 1210 (CA, UC). tehama co. : volcanic plateau northeast 
of Red Bluff, Hoover 4097 ( CA, S, UC ) . 

Orcuttia tenuis comes into flower somewhat earlier than the species 
occurring farther south in the Great Valley, thus reversing the order of 
development observed in most genera. Under the original description, the 
habitat of 0. tenuis was said to be '^open sandy soil,^’ but that appears to be 
an error. The species always grows in beds of vernal pools, so far as I have 
observed. The slender erect stems, bearing spikelets nearly to the base, are 
distinetive. 



NORTH AMERICAN RANUNCULI— I 


Lyman Benson 

The following series of articles^ is a presentation of data on the North 
American Banunciili occurring north of the Mexican boundary of the United 
States. It consists of detailed geographical ranges, detenninatioii of type 
speeiniens, new names and new combinations, descriptions of varieties not 
included in Abrams Illustrated Flora of the Pacifie States 2: 1940 with 
the opposed characters of the typical species, and citation of a few significant 
specimens for misunderstood or rare species. In order to show the bases for 
reorganisation of species and varieties and to facilitate reference of plants 
to the proper categories, keys are included. 

The first paper deals with the first seven species and a complex of varie- 
ties of the snbgenus Euraniuiculus, section Chrysanflie, as delimited by 
Benson; cf. Am. Jour. Bot. 23: 26-33, 169-176. 1936. 27: 799-807. 1940. 

SECT. 1. CHRYSANTHE (SPAOH) L. BENSON 
KEY TO THE SPECIES 

Acliene beaks not over 2 mm. long, regularly -curved or booked. 

Fruiting receptacle not more than 2.5 times the length in aiitiiesis; bead of aebeiies 

liemispberical or globose. 

Petals large and conspicuous, 6-18 mm. long, at least twice as long as the sepals. 

Stems rooting at tbe nodes 3. M. repens. 

Stems never rooting adventitiously (except at some subterranean nodes near the 
stem base in B. calif ornicus cuneat us. 

Stem base a conspicuous, bulb-like, subterranean tliiekeuing 6-7 mm. long by 

10-13 mm. in diameter 4. B. hidbosHS. 

Stem base not bulbous. 

Sepals sx^readiiig; petals elawless or nearly so; stems unbraiiclied in the first 


2-3 dm. 

Aebene beak 0.3-0.6 mm. long 1. B. aeris. 

Acbene beak 1.2-1. 7 nun. long 2. B. aerif ormis. 


Sepals redexed at or below tbe middles (except in B. iwcldentaUs xtu\ Turnerl) ; 
petals with claws; stems usually brancbed in the first 2 dm, 

Acbenes 1-3 or rarely 3.5 mm. long. 

Petals 5-6 or rarely 7-9 or 12, the blades 1-2 or rarely 2.5 times as long 

as broad 5. B. occidentuUs. 

Petals 9-16 or 26, rarely fe’wer, the blades 2-2.5 times as long as broad. 

'■ 6. ,i?. calif ornieiis. 

Acbenes 3.5 or usually 4— 5 nun. long; petal blades 1-2 or, in a variety, 2-2.5 
times as long as broad 7. 5. 

1 Tbis is the first of a series of five articles dealing with the taxonomy of North 
American ■iSnaimadi 
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Petals minute, 4 nun. long or less, or 4—6 mm. in a rare soiitliern Colorado variety of 
Ti. Bongardii; petals and sepals of about equal lengtli. 

Receptacle conspicuously hairy, usually 3-4 mni. long in fruit. 

Nectary scale forming a pocket one-fourth the size of the petal ; stem base 
bulbous, the plant perennial; herbage hirsute; achenes tinely reticulate; cauline 

leaves simple, parted and toothed, the teeth obtuse 8. i?. recurvatiis. 

Nectary scale not forming a pocket, free laterally; stem ])ase unknown, the plant 
perhaps annual ; herbage glabrous; achenes somewhat rough-reticulate (on a 
niueli larger pattern) ; cauline leaves pinnately 3-foliolate, the lateral parts 

simple or 2-3-toothed 10. B. MaeouniL^ 

Receptacle glabrous; nectary scale not forming a pocket, free laterally, much less 
than one-fourth the size of the petal; stem base not bulbous; cauline leaves 

parted and lobed, the lobes acute 9. B, Bongardi, 

Fruiting receptacle at least 3 times the length in anthesis, hisj)id; head of achenes 

ovoid or cylindrical. 

Sepals equal to or a little shorter than tlie petals, the petals 3 or 5-7 mm. long; head 
of achenes ovoid, 7-9 mm. long; stems often rooting at the nodes. 

10. R. MaeounlL 

Sepals about twice tlie length of the petals, the petals 2-3 mm. long; head of achenes 
cylindrical, 11-17 mm, long; stems never rooting adventitiously. 

11. B, pentisiilvanicus. 

Aehene heaks 2-4 mm. long, straight or bent but not regularly-curved and not hooked at 
the tips for more than 0.1 mm. (ef. also B. occidentalis vars. dissect us and HowelUi ) ; 
receptacle hispid. 

Petals 8-18; roots of the main fascicle aU alike (B, faseicularis var. cuneiformis has 

7-9 petals, but it lias the roots of the main fascicle differentiated into two types). 

12. B. macranthiis. 

Petals 5 or 6. 

Boots of the main fascicle all -alike, not differentiated into two types. 

Sepals reflexed. 

Petals 4-7 mm. broad, rarely narrower; stems usually 1.5 nun. or more in diam- 
eter (except in If. Bloomeri^ which has usually emarginate petals) . 

Petals not emarginate ; leaves at least sparsely hairy. 

Sepals two-thirds or three fourths the length of the petals; leaflets of the 
radical leaves 3 or the leaves simple; i)lants often stoloniferous in summer. 

16. B, s&pteritrimialis. 

Sepals half the length of the petals; leaflets of the radical leaves 3-7; plants 

never stoloniferous 13. B, 

Petals UvSU ally emarginate; leaves glabrous, shining 14, B, Bloomer L 

Petals 2-3 or rarely 4 mm. broad; stems 0.7~l.o or 2 mm. in diameter; plant 

subglabrous 15. B, caroUnianiis. 

Sepals spreading (rarely reflexed in B. sex)t€7itrlonaUs, as shown in the key above). 
Sepals two-thirds or three-fonrths the length of the petals; plant often stolon- 
iferous in summer; aehene keel W’ell-marked; plant usually, but not ahvays, 

either subglabrous or sparsely hairy : 16. B. septenirionalis. 

Sepals half the length of the petals; plant never stoloniferous; aehene keel 
obscure; plant always markedly hairy ; 17. B. Uspidus. 

Roots of the main fasciele of two kinds, some filiform (about 0.5 mm. in diameter) 
and. some fleshy or tuberous and 1-5 mm. in diameter 18. B. fascicidar is* 

2 A reduced form oeeurring along Peace River. 
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1. Ranunculus acris L. Sp. PL 554. 1753. Pastures, meadows, and 
roadsides at low elevations or up to 1,000 or 1,300 meters elevation in tlie 
Western mountains; Europe; naturalized in Nortli America at Kodiak and 
King Cove, Alaska and from British Columbia to Saskateiiewan and to 
AA^estern AVasliington, Oregon (KSaleni, Brooks, and Union), and Alissouri; 
Minnesota and northern Illinois to Labrador and New England and soiitli on 
the Atlantic coastal plain to North Carolina; Greenland and Iceland. 

Type collection: ^^llahiiai in Europae pratis, pascuisJ^ 

A European form called Bamin cuius acris var. Stevenii (Andrz.) Lange 
has been distinguished by its less-dissected leaves with broadly oblaiieeolate or 
more-or-less cuneate segments. This form occurs in the Craigmyle District, 
Alberta, and from Quebec to Newfoundland, Nova Scotia, New England, 
and New York, and is occasional elsewhere. According to the viewpoint of the 
writer, the characters of this plant do not entitle it to recognition as a variety. 

According to a note by Ora Parker Phelps, Ehodora 21: 208. 1919, 
Boraeanus Jordan, Obs. PI. Grit. (6) 19. 1847, a Central-Euro- 
pean relative or variety of E. acris with finely-dissected leaves, was found in 
1919 at Gansevoort, New York. It Acas identified by Dr. M. L. Fernald. 

2. Ranunculus acriformis A. Gray, Proc. Am. Acad. 21: 374. 1886. 
Wet meadow land at 2,000-2,500 meters elevation; reported from Alberta; 
Sweetwater County to Laramie County, AVyoming ; Laramie River in Colo- 
rado. Plains grassland. June and July. 

Type collection: acris, Hook. PL i. 18, & Lond. Jour. Bot. vi. 66, not 

L. — Northern Rocky Mountains, lat. 58°, Drimmond, AA'^yoming, Parry 
(clistrib. as R. affinis). AAUnd River, Dr, Forivood, and near Cheyenne, 
Greene,^ ^ Hooker, Lc., cites the Drummond speeimeii as follows: Banks of 
rivers in the central limestone district, and eastern pirimitive range, from 
Canacla to lat. 58°, 

Significant specimens: Colorado: Laramie River, Crandall in 1891, NY. 
IIS. lowA: Belmond, Whited in 1903, AA"SC (questionable identification).'^ 

3. Ranunculus repens L. Sp. PL 554. 1753. B, Clmtonii Beck, Bot. N. 
& Alid. St. 9. 1833. 

Tile symbols used for the lierbaria in wbieli specimens are located are as follows: 
S, Dudley Herbarium, Stanford University ; NT, New York Botanical Darden; GH, Gray 
Herbariimi, Harvard University; US, United States National Herbarium; UA?, Hmversity 
of AVasliington; T, J. W. Tliompson, Seattle, Waslmigton; AVSCVWaslmigton State Col- 
lege; UO, University of Oregon; WILD, Willamette University; OSC, Oregon State Col- 
lege; UC, University of California; J, W. L. Jepson, University of California; CA, Cali- 
fornia Academy of Sciences; SBM, Santa Barbara Museum; P, Pomona College; ISB, 
University of Idaho Southern Branch; UA, University of Arizona; SAC, U. S. Field Sta- 
tion, Sacaton, Arizona; COLO, University of Colorado Museum; F, Mr. O. A. Farwell, 
Lake Linden, Michigan Lyman Benson, University of Arizona ;; MINN, University of 
■ Alinneso'ta;' MICH, UMversity. of Miehigan; 'COEN, Cornell University E, Kansas 'State 
' College of .Agriculture and Applied' Science;' HGr, Herbarium Greeneanum. , ^ ■ ' ' 
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Stems prostrate/ rooting adventitiously at praetically every node, 1-50 
dm. long and 0.7~1.5 mm. in diameter, not fistulous, appressed-liairy in the 
typical form; leaf blades comi>ound, deltoid-cordate in outline, 1.5-6 cm. 
long, 2-8 cm. broad, pinnate with 3 sessile or petiolulate leaflets, which are 
proximaliy eiiiieate and distally lobed and toothed but acute in outline, mid- 
dle petioliile up to 4 cm. long, the lateral petiolules up to 2 cm. long ; petals 5, 
7-13 mm. long; acheiies 20-25 in a subglobose head; receptacle subglobose- 
ovoid. 

Meadows and marsh borders at low altitudes or up to 1,500 meters in the 
Rocky Mountains; Europe; naturalized in North America from the south 
coast of Alaska to coastal California as far south as Carmel River (also at 
Cobb Valley in Lake County, at Quincy, Bear Valley, and Pine Ridge 
(Fresno County ) in the Sierra Nevada, and at Goose Lake) ; Rocky Mountaiii 
System in Custer County, Idaho and at Denver, Colorado ; Quebec to New- 
foundland and North Carolina. May to September. 

Often a lawn weed, the pumstrate habit and adventitious roots cheating 
the mower. 

Type collections: (1) E. repeiis, ^^Hahifaf in Europae eultis/’ (2) B. 
Clintonii^ ‘‘Hab. Banks of Canal near Rome, Oneida Co., N. Y.’ ’ 

Dr. M. L. Feriiakl, Rhodora 21 : 169. 1919, gives the following key for 
segregation of the varieties of B. re pens 

Middle leaflet of the basal leaves cimeate to subtruiieate at the base: petals 5-9; 

stamens nnmeroiis B. 

B. Lobes and teeth of the leaves deltoid or obovate to o];)long, obtuse or bluiitish. 

Trailing or repent branches or stolons present. 


Stems and petioles distinctly pubescent. 

Pubescence appressed M, reyenH L. 

Pubescence wide-spreading Var. villasns Lamotte. 

Stems and petioles glabrous or nearly so Var. glabratus DC. 

Trailing or repent branches wanting Var. erect us DC. 


B. Lobes and teeth of the ninch-eleft leaves lanceolate to linear, acuminate. 

Var, lineariM DC. 

A. Middle leaflet of tlie basal leaves rounded or subeordate at the base: petals very 

numerous, foriniiig a * Dlouble ” flower Var. plefitiflorus Fern. 

E, repens var. villosus h^Motte the common spreading-hirsute form of 
the species. On the Pacific Slope it is the dominant form, and, in fact, the 
typical species is uncommon or even rare (collected only as follows: Salem, 

4 "Wherever abbreviated descriptions are given under the name of the species alone 
they apply to the tjpieal variety and not to the species as a whole. 

5 While the validity of the philosophy behind the use of the formal name ^ War. 
typica^^^ is admitted, it is the opinion of the author that publication of formal trinomials 
for typical varieties is imnecessary. The long-established custom is to consider the plant 
described under the speeifle name as the typical variety within the species and to give 
varietal names to only the other varieties of the species. 
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Oreg'on, J . C. I\‘elson ;2:25; Novo, Meiidoeiiio County, California, Buman 181; 
Alhambra, California, Mrs. J. D. Abrams). Ho^veyer, according to tlie yiew- 
point of the writer, the ‘A^ar. vUlosns’’ is not worthy of recognition as a 
variety. 


3A. Kanun'cueus repens L. var. glabratus DC. Prodr. 1: 38. 1824. 
Similar to but even more robust than var, erect us and perhaps not distinct 
from it ; stoloiiif eroiis ; stems up to 7 or 9 dm. long ; leaf blades up to 10 or 
11 cm. long* and 13 cm. broad, petiolules as miicli as 2.5 cm. long; flowers in 
an extreme form siibeymose ; petals 5 ; receptacle and head of aclienes some- 
times ovoid-cylindrical. 

European plant naturalized in wet places here and there from Qiiebee 
aiid Newfoundland to New England and New Jersey; Farmington and Salt 
Lake City, Utah, May to Aixgust. 

The extreme form is so strikingly different from B. repens as to seem to be 
aiiotlier species, but intermediates are more common tliaii the extremes. 

Type collection : None given, European. 

Significcint specimens (representative of the extreme form) : Newfound- 
land : Force le Plain, Harry's Brook, R. B. Kennedy 336 j GH. Quebec : Carle- 
ton, Collins, Fernald, cO Pease in 1904, GH. IAah : Farmington, M. E. Jones 
ill 1881, NY, Clemens in 1908, GH. New Jersey : CToster ( ?) , unnamed collec- 
tor in 1861, GH. Massachusetts: Wellesley, Gilbert in 1894, GH; Nantucket, 
Day -i in 1900, GH ; Botanic Garden of Harvard University in 1862, GH. 

3B. Eanunculus repens L. var. erectus DC. Prodr. 1: 38. 1824. Grow- 
ing often in shallow water of meadow or marsh land: naturalized in the 
Puget Sound Kegioii and southward at scattered stations mostly near the 
ocean coast to Curry County, Oregon; Santa Cruz, California; occasional 
in Quebec and Newfoundland. Mav to Jnlv. Cf. L. Benson in Abrams, 111. FI. 
Paeif. St.2: 1940. 

Type collection: None given, European. 

R. repens var. linearilohns DC. oeeiirs sparingly in New England. The 
following specimens are in the Gray Herbarium : Cutler, Maine, Kennedy, 
Williams, Collins, & Fernald in 1902 ; Waverly Oaks, Gray Eerbeirkim Local 
Colleetion, 1894; Nantucket, Mass., Day 13 in 1900. According to the view- 
point of the writer, tins form is not w-orthy of recognition as a variety. The 
status of the plant is about the equivalent of that of B, acris, var. Stevenii, 
since there is only the degree of dissection of the leaves to distinguish it. 

■ 3C. Ranunculus repens L. var. pleniplorus' Pern, Ehodora, 19: A38.,, 
1917. Wet ground, an occasional escape from gardens in New York, New 
England, and Maryland ; Liberty, Hittitas Goiinty,,WashiiigtoiL May to July. 
Cf. L. Benson in Abrams, 111. PL Paeif. St. 2: 1940. 

, Type/coU£clmi.\ " 'Preqnent^ in . old' gardens,. ' and tending, to /become 
natnralized in, meadows .and along -roadsides,; 'Oneida, Herkimer Comity, "New. 
yo.rk, 'May 30, 1900,- J.V. H[aberer,.iio,.'1530''in'.Gray Herb, .h;,;,-. ,,'" ;;; 
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‘'This plant is generally called in horticulture B. repens, var. jloreplena 
but tlie latter name (if it can be accepted as a valid iianie) belongs to tlie 
double-flowered European form of B. repens with the bases of the leaflets 
cimeate to subtruneate, as in true B. repens, and the teeth and segments 
elongate and subacute to acuminate. The history of var. plenijior us is obscure. 
It is found ill old gardens and as a somewhat naturalized weed in eastern 
America ; but such illustrations of the double-flowered B. repens of Europe 
as the writer has seen, as far back as Gerard’s Herbal! (eel. Johnson, 1633), 
where the plant is figured as Banuncnlus diilcis, miiltiplex, and Besler’s 
Hortiis Bystettensis (1613) where it is called Bcmunciilus kortensis, nmlii- 
fioriis, show the characteristically euneate-based leaflets of B. repensd^ 

4. Eanunculits buleosus L. Sp. PI. 554. 1753.® Dry fields and roadsides 
at loAV elevations; Europe; naturalized in North America at Eevelstoke, 
British Columbia, St. John’s, Newfoundland, Shelbourne, Nova Scotia, 
Bingen, AYashington, Salem, Oregon, Fortuna, California, Ociuauka (!) 
Illinois, Keneewaw County, Michigan, Lake Maxinkuckee, Indiana, Knox- 
ville, Tennessee, Eed Kiver, Louisiana, and Stuinptown, AVest Virginia and 
from New York and New England to Bryan County, Georgia. Alay and J une. 

Type collections: (1) B. bulhosus, ^^Hahifat in Europae pratis, pascuis/^ 
(2) A^ar, 'petiolulatus, ''No. 5568. In und uni Norfolk haufig.” "Im Mai & 
Juiii 1890, botanisierte ich um Norfolk.” Ahrginia, Krause, 

THE RANUNCULUS OCCIDENTALIS COMPLEX 

The Banunculus Occident aUs group is perhaps only scarcely less diffi- 
cult to classify than the races of dogs. There are no wholly reliable char- 
acters for segregation of the species B, occidentaUs, B. calif or nictis, and B, 
eanus, and ^Yhereve^ geographic ranges meet all three species and their 10 
varieties seem to cross-pollinate freely, or at least the plants in the field show- 
abundant evidence of character recombinations. How^ever, the large fruit of 
B. canus is fairly reliable for distinguishing it from the other two species, and 
the number of petals serves to segregate all but a small percentage of the 
plants of B. calif or nic us and its three few’-petaled varieties from B. occiden- 
talis and its sometimes 5-8- or rarely 9-12-petaled varieties Puff auu and 
EiseniL Table 1 summarizes the tendencies in these three species. 

5. Ranunculus occidentahs Nutt, in Torr. & Gray, PI. N. Amer. 1: 
22. 1838. i7. occidental is var. robust us A. Gray, Proc. Am. Acad. 21 : 373. 1886. 
B. 'tennipes Heller, Muhlenbergia 1 : 50, 1904. B. occidentalis var. laevicmtUs 
Siiksdorf, AYest Am. Sci. 15: 58. 1906- 

Stems erect or suberect, 2-7 dm. long, 1.5-3 mm. in diameter, freely 
branehing; radical leaf blades simple, rather thick, 1.5-3.5 cm. long, 2-4.5 
cm. broad, 3-parted or rarely -divided, the lobes ciineate, again lobed, the 
ultimate lobes usually not triangular, the sides commonly curving, proximally 
cordate and distally rounded or acute; petals 5 or rarely 6-8, narrowly 

® Two old-world yarieties are distinguished from the typical one by Fernald, Uhodora 
■42r.'451-452.'1940. ■ A " • ' 



1941] 


BENSON : RANUNCULUS 


163 


TABLE 1 



B. occklentalis i 

It. calif ornicus 

B. camts 

Petal Number : 

(Pairly reliable) 

5“6 or in 3 vars. ^ 
soinetinies 5-8 or 

12. 

0-16 or 26 or in 3 
vars. 5 or 7-12. 

or ill 1 var. 
10-23. 

Petal Shape i 

(Less reliable) 

1.5-2 or rarely 1.1 : 
or 2.5 times as ^ 

long as broad. 

2-2.5 times as long 
as broad. 

1-2 timeS'as long as 
broad; 1 var. 2-2.5. 

Fruit Size 
(Fairly reliable) 

2.5 X 2 nnn. or in 
vars. lip to 3 X 2.5 ; 
or even 3.5 x' 3.3. 

2-2.8 X i;8-2.3 
mm. or in 1 var. 
1-2 X 1-1.5. 

4-5 X 3-4.5 nnn. or 
rarely smaller. 

Aehene beak i 

(Less reliable) 

1.2-1. 8 nun. long or ; 
in 2 vars. 0.5-1. 3; ! 
2 vars. 1.5-2. i 

ITsually 0.4-0.8 
mm. or in 1 var. 
1-1.5. 

! 0.3-0. 6 or 1 mm. 

Plant Size ' 

(General tendency) 

Smaller, except ; 

vars. Eisenii^ mon- i 
tanensis, and | 

Kelsonii. 

Larger, except var. 
caneatus. 

; Largest, also herb- 
age more commonly 
i silkv-villons. 

i 

i 

Coinponiid leaves 
(General tendency) 

Pare, except var. ' 
EiscfiiL 

i 

Common, except 
vars. grains and 
c u neat us. 

I Common in var. 

1 laefus, otherwise 
i uncommon. 


elliptic, 1.5-2 times as long as broad (claw 1-3 mm. long), 8-12 or rarely 
18 mm. long, 3.5-5 or 8 mm. broad, the nectary scale glabrous, free for nearly 
the whole length, 0.7 mm. long, truncate; each aehene oboAate-diseoid, 2.5 
mm. long, 2 mm. dorsorentrally, 0.3-0.4 mm. laterally, glabrous, the aehene 
beak slender, 1.2-1.8 mm. long, falcate, usually barely recurved, prolonging 
the ventral margin of the aehene body. 

Mostly beneath trees or on vernally moist prairies or hillsides; Pacific 
Slope from Alaska to the Umpqua River Valley, Oregon; inland along the 
Columbia River to west Klickitat County, Washington and The Dalles, 
Oregon ; Port Orford, Oregon. Northwestern coniferous forest. Late April 
and May. 

This species, B. cmius, B. calif ornicus, and their varieties have an abun- 
dance of connecting forms. A form with petals 15—18 mm. long by /— 8 mm. 
broad occurs at The Dalles and near Eugene, Oregon. 

Type collections: (1) B. occklentalis, “Plains of the Oregon (Colum- 
bia) River, near woods, Nuttall! T>i'. Scouler!; Siteha, Bongardl” The 
Nuttall specimen at Columbia University (New York Botanical^ Garden) 
has been designated as a lectotype (cf. Heller, Muhlenbergia 1: ol. 1904.) 
(2) Var. rolusHs, B. occidentalis A. Gray, Proe. Amer. Acad. 8 : 374. 1872, 
not. Nutt in 1838. “A collection of plants made in Oregon by ELIHU HALL 
during the summer of 1871.’’ (3) B. temiipes^ Seller 3935, coUectecl 
June 13, 1898 at Montesano, Chehalis [Gray’s Harbor] county, Washmgton, 
altitude about 200 feet.” (4) Var. laevieaulis, “ An verschiedenen Stellen mit 
her gewbhulichten Form vermengt, bei Bingen, Washington, 30 Marz 1886 
und spater (Nr. 1972),” SwMor/. . . 

Significant specimens oi Banunculns ocmderkalis and its varieties: 
see L. Benson, Am. Jour. Bot. 23 : 28-29. 1936. 
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5A. Ranunculus ogcidentalis Niitt. var. Rattanii A. Gray. Proc. Am. 
Aead. 21: 373. 1886. R. Rattanii Howell, FI. N. W. Am. 1: 17. 1897. 

Openly wooded liills and prairies ; inner part of the seaward coast raiiyes 
from Coos and western Josephine Counties, Oreg'oii to Meiidoeino and 
Avesterii Lake Counties, California. Borderland between the Northwestern 
coniferous forest and the oak woodland. April to June. Cf. L. Benson in 
Abrams, 111. FI. Pac. Sts. 2; 1940. 

The hispid aehene is to be found in any of the southern varieties of 
B. occidentalism as well as in B. californiciis and R. canus. It is not nece>S“ 
sarily a feature of var. Rattanii or of any other variety. This variety is rather 
striking’ in the extreme form but tliroiighout the seaward side of the dis- 
tributional range it intergrades with R. californiciis var. gratuSm and in the 
north it passes into R. occidentalis var. Hoivellii and in the south into the 
variety Eisenii, 

Tijpe collection: California on the Klamath, Rattan.’’ The type 

specimen in the Gray Herbarium is labelled as follows: ‘'Common on tlie 
Klamath, Calif, V. Rattan, June, 1879.” 

5B, Ranunculus occidentalis Nutt. var. Eisenii (Kell.) A. Gray. 
Proe. Am. Aead, 21: 373. 1886. R. Eisenii Kell. Proc. Calif. Aead. 7: 115. 
1876. 

Yernally moist ground in the California foothills and mountain valleys 
at 100-1,300 meters or up to 2,200 inetei’s elevation in Kern County, beneath 
oaks (leaves siiiipie) or in vernal meadows and rivulets (leaves compound) ; 
Weaverville; eastern Mendocino, Lake, and eastern Napa Counties; Sierra 
Nevada foothills and Greenhorn and Tehachapi Mountains; "West Butte, 
Sacramento Valley. Oak woodland. Late Pebruaiw to May or June. Cf . L. 
Benson in Abrams 111. PI. Paeif. St. 2 : 1940. 

The form of R. occidentalis growing from southeastern Jaekson County 
and southwestern Klamath County, Oregon, to Shasta Count.v, California, is 
intermediate between the varieties Eisenii and nltramontaniis. The variety 
Eisenii intergrades freely with R. calif ornicus at Healdsburg and at the 
soutli base of Mt. St. Helena, where 5-petalled and 9~16-petal]ed plants are 
found growing togetiier. The eonipoundJeaved forms from vernal meadows 
and the simple-leaved forms from oak woodland maintained their charac- 
ters when trans]rlanted by the writer to identical environments in adobe 
soil at Menlo Park, California, A glabrous, dissected-leaved form (L. Benson 
6316) was found growing in water at Stubbs Ranch Junction north of LoAver 
Lake, Lake County. 

Tji'pe collection:^ Proe. Calif. Acad. 7: 89. 1876, “Dr, Eisen, of 
SAvedeii, placed in onr hands for determination his plants from near Fresno, 
Cal. ’ ’ The type is iiiiknoAvn, and it may have been destroyed in the San Praii- 
ciseo earthquake and fire of 1906. HoweA^er, according to Curran, Bull. Calif. 
Acad. 1: 130. 1885, it disappeared much earlier. The folloAving is her state- 
ment, ■'^Baimnculns Eisoiii Kellogg, Proe, Cal. Aead. vii. 115. Probably E,. 
NBLSONii var, TENELLUS, Gray, but the specimen has disappeared from the 
herbarram, and the identification is not certain.” The following inforniation 
has been received from Dr. Erie Hnlten, Botaniska Miiseet, Ltind, Sweden, 
“As Tar as have been able; to find there, is no specimen of' Bnmmtculus Eisenn 
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ill Siyedisli lierbaria. I liave never seen any Californian speeimeiis colleeted 
by Eiseii in Swedish Miisenins.” We adoxit the interpretation of Dr. C4ray, 
Proe. Am. Acad, 21 : 373. 1886. His reference is to a plant ideiitihed by 
Torrey as P. canus Benth. ; ef. Torr. Pae. R. R. Rep. 4: 62. 1857. The collec- 
tion was cited as follows; “Hill sides, DuffiehPs Ranch, Sierra Nevada ; ^lay 
11.” The specinieii in the Gray Herbarium was collected by Bi^'elow. 

50. Ranunculus occidentalis Nutt. var. ultramontanus Greene, Pit- 
tonia 3: 13. 1896. B. alceiLs Greene, Erythea 3 : 69. 1895. B. ult ram out amts 
Heller, Miihlenbergla 6: 11. 1910. B, occidenfalis var. aleeus Jepsoii, FI. 
Calif, i; 540. 1922. 

Meadows and along* mountain streams at 1,300-2,000 meters elevation 
in tlie North Coast Ranges of California from Elk Mountain, Lake County, 
nortliward, and at 1,800-2,300 meters largely on the eastern side of the Sierra 
Nevada from Mt. Shasta to Inyo County and to near Reno and Carson City, 
Nevada; eoiitiiiiiing nortliward in modified form and 0 ('ciirring at a few 
stations east of the Cascade Mountains in Southern and Central Oregon- 
Yellow pine forest. June and Jiilv. Cf. L. Benson in Abrams 111. FI. Pacif. 
St. 2: 1940. 

Type collections : (!) B. aleeus, ^‘Collected at an altitude of about 4,000 
feet on Elk Mountain, Mendocino [Lake] Co., Calif., July, 1892, by Mr. 
Jepson.” Elk Mountain is in Lake County. This error was corrected by Jep- 
son, PI. Calif. 1: 540. 1922, ‘‘type loc. Elk Mt., Lake Co., Jepson,” The 
type has not been located in the Herbarium Greeneanum or in Dr. JepsoiFs 
working colleetion. (2) ulframontanus, “Banks of streams and lakes, or 
in moist meadows along* the Triickee River, at the eastern base of the Sierra 
Nevada, Calif.’’ The Herbarium Greeneanum has only one speeimen collected 
by Dr. Greene prior to 1896, and it is chosen as a lectotype. It was obtained 
near Boca on the Truekee River, California, on July 24, 1S95 (HGr 2726), 

5d. Ranunculus occidentalis Nutt. var. dissectus Henderson, Rhodora 
32: 25. 1930. B. ciliosiis How’eil, El. N. Wk Amer. 1: 17. 1897. R, mar- 
niorarius Jepson & Tracy in Jepsoii, PL Calif. 1 : 542. 1922. 

Meadows of mountains and high i>lains at 1,300-2,200 meters elevation ; 
Eastern Oregon and the Rogue River-Umpqua River Divide; Marble Moun- 
tain, Siskiyou County, California. Yellow pine forest. June and July. Cf. L. 
Benson in Abrams, III. FL Pacif. St. 2 : 1940. 

Type collections: (1) B. eUiosus, “Moist banks, in Bear Valley, Blue 
Mountains, Oregon. Hoivell, May 23, 1885.” (2) B. m.'armrmmus, ''Marble 
Mt., western Siskiyou County [California], Chandler {type)T\' Chimdler 
1891. (3) Var. dissectus, “Dry slopes of Crater Lake Park, Oregon, near 
Pole Creek Bridge, where collected by Lyle Wynd, July 12, 1928. His no. 
2221 .” " 

' 5E. Ranunculus occidentalis Nutt. var. Howellii Greene, Pittonia 3: 
14. 1896. B. Howellii Greene in Howell, FL N. W. Am, 1 : 17. 1897. 

Openly wooded hills at 300-1,300 meters; Rogue River watershed in 
Jackson and Josephine Counties, southwestern Oregon. Northwestern conif- 
erous forest 'and oak'. woodland. Late. March to May: or' Juiie./Cf.,L,.. Benson 
in Abrams, IILDI Pacif. SL2: 1940. ; 
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Type collection.: '‘Drv billsides near ABhlaiul, Ore^-on, 1899; eolleeted by 
Mr. Howell 1331. 

5P. Eanunculus occidentalis Niitt. var. montanensis (Eydb.) L. Beii- 
soii, eoinb. iiov. It. nionfanensis Rydb. Mem. N. Y. Bot. (iard. 1: 166. 1900. 

Steins erect or deciimbeiit at the bases, 3-6 dm. long’ and 3-7 mm. in 
diameter; radical leaves simple, semicircular in outline, 2-5 em. long, 
3-10 cm. broad, S-divided or nearly so, the divisions again 3-5-lobed and 
proxiiiially iiarrovdy cuiieate and distally acute, pilose with spreading or 
some what appressecl hairs, the ultimate lobes acute, but not triangular, the 
sides curving; petals 5, rarely 10, 8-11 inm. long, 6-7 mm. broad, 1.2-1. 5 
times as long as broad ; aclienes 15-45 (the other Amrieties 8-20), achene body 
obovate, 2.5 mm. long, 2 mm. broad, glabrous, the beak about 1 mm. long, 
recurved, falcate, often bent rather sharply at the middle ; receptacle globose, 
2.5 inm. long in fruit (about 1.5 in the other varieties.) 

Wet meadoAvs, 1,500-2,500 meters elevation; Boise, Caster, and Blaine 
Counties and Beaver Canyon, Idaho; Avestern Montana; Avestern edge of 
AYyomiiig; AlbiKpierciue, Ncav Mexico (?). YelloAV pine forest. June and 
J uly. 

CloselA" related to R. acriformis A. Gray and to R. occidentalis var. 
Nelson a. 

Type eoUecfion: “Montana: Helena, 1891, F. D. Kelsey (type).^’ 

5G. Ranunculus occidentalis Nutt. var. Nelsonii (DC.) L. Benson, 
comb, nov, E. recunHitus Poir. Amr. Nelsonii DC. Syst. 1: 290. 1818. B. 
.Nelsonii A. Gray, Proc. Amer. Acad. 8: 374. 1872. B. repens L. var. major 
Nakai, Bot. Mag. (Tokyo) 42: 23. 1928. E. Nelsonii subsp. insuRiris Halt. 
Svensk. Bot. Tidskr. 30 : 526. 1936. 

Stems erect, 4-7 dm. long, usually 2-6 mm. in diameter, branching above, 
the loAvest internode usually 1.5-3 dm. long, strongly fistulous, hirsute; radi- 
cal leaf blades simple, 2.5-4.5 cm. long, 2.5-7 cm. broad, deeply 3-parted and 
each primary part again 3~9-lobed or -toothed, proximally cordate and dis- 
tally rounded or obtuse in outline; sepals 5 or in 1 specimen some flowers 
AAutli 6 ; petals 5-6, 7-9 mm. long, the nectary scale glabrous, free laterally, 
the non-glandular portion 3-5 times as broad as long, truncate ; eacli achene 
asymmetrically oboAmte, 3 mm. long, 2.5 mm, dorsiventrally, 0.5 mm. laterally, 
glabrous, the achene beak about 0.6 mm. broad at the base, 1.2-2 mm. long, 
recurved, commonly markedly falcate. 

Moist ground at Ioav eleAmtions along the cost of Alaska and in the 
Aleutian Islands. North AA^estern coniferous forest, June and July, 

Type collect ions: (1) Yar. Nelsonii, “In insula Unalascka una ex Aleii- 
tienis. D. Nelson. (2) Yar. major. According to Hiilten this variety is B. 
iYcL^o?ruV According to information supplied by Dr. H. Nl. Eickett'of the 
NeAV York Botanical Garden, “Nakai 's eollections are from Corea. Other 
cmlleetions AAdiieh he cites are from Sachalin, Kuriles, Yeso.” (3) Subsp. 

The folloAving from Hultcm by Dr. Rickett; Aleutian 

Islands: Aiiicliitka, July 9, 1932. Hn No. 6463 (type). (“Distributed to seA^- 

eraIEuropean"aiid American Museums. ^0 . 

5H. r Ranunculus, Docidentalis Nutt. ■y^ar.mREA-usTYLis Greene, '.Pittonia 
3':"14. 1896." 
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Praet legally o-lahrouB; primary divisions of tlie radical leaf blades only 
3-4-lobed or -toothed ; sepals 5, refiexed ; petals 5 usually narrowly obovate, 
eiiiar«'inate or rounded, 7-10 mm. long*, 5-6 mm. broad, the nectary scales only 
1.5-2. 5 times as broad as long, apically rounded; base of the aeliene beak 
O.d-O.S Him. broad ; similar otherwise to Nelson ii 

Moist groniid ; Yes Bay and Loring, southern tip of Alaska. Northwestern 
coidferoiis forest. Slimmer. 

Significant specimens: Alaska: Yes Bay, Howell 1602. HGr. NY, S: 
Loriiig, Chamberlain 26 in 1903, NY. 

51. Ranunculus occidentalis Nutt. var. Turneri ( Greene) L. Benson, 
comb. nov. R. Turneri Greene, Pittonia 2: 296. 1892. 

Hirsute; primary divisions of the radical leaf blades 3-lohed, *'the lateral 
lobes bifid, all iiicisely edeft sepals 5, spreading; iietals 5, broadly obovate, 
truncate, 12-14 mm. long, the nectary scale unknown; aeliene beak long and 
slender, recurved. 

Moist ground ; Porcupine River, Northeastern Alaska. Nortliern conif- 
erous forest. Summer. 

Type collection: ‘AYe are glad to be able to dedicate so fine a new’ plant 
to the gentleman w’ho has given the very best of recent contributions to our 
knowledge of Alaskan vegetation, Mr. J. H. Turner, wlio brings it from 
Porcupine River.” type, Turner in 1891, HGr 2811 , 

5J. Ranunculus occidentalis Nutt. var. hexasepalus L. Benson, var. 
nov. Hirsute ; primary divisions of the radical leaf blades 5— 13-lobed or 
-toothed; sepals usually 6 (a number iinicpie in Ranunculus) refiexed; 
petals 8-12, obovate or narrow, distinctly einarginate, 11-13 mm. long^ 3-4 
or 7-8 mm. broad, the nectary scale once or twice as broad as long, truncate 
or obtusely pointed ; fruit unknowm. 

Hirsiita; partibus priraariis folii 5-13 lobatis; sepalis plerumque 6, 
refiexis; petalis 8-12, obovatis, emarginatis, 11-13 mm. iongis, 3-4 vel 7-8 
nim. latis ; squamulis nectaiii latis. 

Moist ground ; Queen Charlotte Islands, British Columbia. Nortlnvest- 
ern coniferous forest. Summer. 

Type collection: Queen Charlotte Islands, Rev. J. H. Keen 10 in 1898. 
TYP'E in the New’ Yoiic Botanical Garden. 

Signifieaiit specimefis Columbia: Queen Charlotte Islands, Roa.s 

ill 1901, NY ; Skidegate (!) Inlet, Queen Charlotte Islands, Neuwomhe in 
1897 (Geol Snrv. Can. 18054), HGr 2995. 

6, Ranunculus. cALiPORNicus Benth. PL Hartw’. 295. 1848, ■ B. Beppei 
Nutt, in Torr. & Gray, PL N. Ainer. 1 : 21. 1838, as syn. R. disseetm Hook. 
& Am. Bot. Beech. Yoy. 316. 1840. Not Bieb. in 1819. R. calif orniem 'Yaxi^ 
latilohus A. Gray, Proe. Am. Acad. 21 : 375. 1886. R. latilolusHeiTish, PI 
World20:"214.'1917. V 

Vernally moist land of north slopes, iiieadow^s, fields, and rolling hills ; 
seaw^ard coastal ranges from Humboldt County, California to Ensenada, 
Baja California; inland; from San .Francisco' Bay to.' the SieiTa', Nevada at. 
Volcano, Amador .County' and .the, foothills .east of ..Madera, '.O.afc.' .'woodland. 
Late January to' May. 
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A form witii tlie floral iiarts resembling' vegetative leaves oemirs in adobe 
soil ill the San Franeiseo Bay Region. North Coast Range varieties of B. 
occifJenfalis and R. rn/uos* oecasionaJly exhibit the same tendenc.A^ A flve- 
petalled form oeeiirs in San Diego County. (Laguna Mts., Mhiiz 9705, Sioi- 
ford in 1927; Julian, M. E. Jones in 1906, J. D. Randidl in 1914; Santa 
Ysabel, Hens}} aw 200.) This form inigiit be ineluded in R. oecidentfdis var. 
Eisenii beoause of the presence of only 5 petals. However, the other charac- 
teristics seem to agree with those of the form of R. calif ormcus growing iii 
the San Jacinto Mountains and in the mountains of San Diego County. This 
form has unusuariy small fruit. In vegetative characters it agrees more 
fully with E. canus var. Ludov ician its than with B, calif ornicus. 

Type collections: (1) B. Deppei, ‘'R. acris (Linn.) ... 3- hairy; petals 
oblong, 10-14. — R. Deppei Nutt.! mss. . . , California, Niittall! Jiiiie.’' 
(2) R. dissectus. '' California-Supplement. AVhere not otherwise mentioned, 
it is to be understood that the following species are from the collection of 
Mr. Douglas. They were presented by the Horticultural Society of London, 
in whose service Mr. Douglas was at the time he gatliered them.” (8) B. cald 
f ornicus, Hartweg ''162S {15d) . . . B. dissecd us, liook. et Am. Bot. Beech. 
]). 316, non. Bieb. — In sylvis jirope Monterey,” collected in 1846--7. An iso- 
type from Hartwegls collection (Gray Herbarium) is tlie same peculiar dis- 
seeted-leaved form as the plant upon which B. dissectus was based (isotype 
also in tlie Gray Herbarium). No other collections of the species quite match 
these two isotypes! (4) Var. latilohus, common coarse-leaved and more 
robust form, B. L a doi'Aiaiu/i* Greene, Bull. Calif. Acad. ii. 58.” Greene, FI. 
PraiL 300. 1892, wrote as follows: ” Var. (4) latilol)iiS^ A. Gray, Proc. Am, 
Acad. xxi. 375 (1886), in part, excl. B. Ludovicianus. . . . Var. 4 is n. 374 
of the State Survey from Santa Barbara.” Gray’s brief description throAVs 
no light on tlie subject, and he gaxe no indication that Brewer ,'>74, Geo- 
logical Survey of California, from Santa Barbara was the type of liis variety. 
However, it is not likely that he had seen the type of B. Ludovicianus, Hince 
none of the original material of it is at the Gray Herbarium or apparentlv' 
elsewliere. E’urtliermore, in the Synoptical Flora of North America (1: 35. 
1895) tlie variety latilohus is said by Robinson to be ‘Ai common form, espe- 
cially southward, from San Francisco Bay to San Diego and San Ber- 
nardino,” while if. (now transferred to R. cauus as a variety) 

is confined to fairly high elevations of the Tehaehapi and San Bernardino 
Mountains in the interior. The description in the Synoptical Flora is too gen- 
eral to be of value ill determining the identity of the variety. HoAvever, 
the material at tlie Gray Flerbarium labelled for the Synoptical Flora as var. 
latilohus is definitely typical R. californicus. Since the Synoptical Flora 
label is on Brewer 574, the writer accepts it as representative of the plants 
to winch the name lalilohus wms given, because Robinson was in a better 
position than anyone else to knoAv what Gray intended. It is to be noted that 
Parish (Lc. 1917) took up the name latilohus m a. specific epithet intended 
for var. Ludoidcianus. OtherAvise, interpretations have been generally the 
same as Greene’s and Robinson’s. 

6A. Ranunculus californicus Benth. Amr. oratus Jepson, FI. W, Mid. 
-Calif. 20L, 1901.;, 

Wet banks and bottom land of deep canyons or moist north slopes ; Cnrry 
County, Oregon to Napa County and the Monterey Peninsula in California. 
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North western eoiiiferoiis forest (inner edg'e of the redwood belt). Late 
Febriip*y to May. Cf. L. Benson in Abrams, 111. FI. Paeif. St. 2: 1940. 

This variety appears to pass into Ranunculus occklentalis var. Eisenii in 
Mendoeiiio, Sonoma, and Napa Counties and into EanunculMS californiciis 
from Sonoma County soiitliward. It is best-developed in Soiionia and Santa 
Clara Counties, and the extreme form is strikingly differentiated from 
Ranunculus SegTeg*atioii of the variety in Mendoeiiio County 

and northward is difficult. 

Type collection: ‘‘Commonly in wooded country: hills of Napa Valley; 
Vaea Mountains.” 

6B. Eanunculus californicus Benth. var. cuneatus Greene, FL Fran. 
299. 1892. R. californicus var, crassifolius Greene, Erythea 1: 125. 1893. 

Barren sea bluffs ; Sauvies Island, Columbia River, Oregon to Monterey 
County, California ; Santa Maria, San Miguel, and Santa Cruz Islands, 
N’ortb western coniferous forest region. May and June. Cf. L. Benson in 
Abrams,. 111. FI. Paeif. St. 2: 1940. 

Oregon specimens tend toward 5 petals and compound leaves. They are 
as closely related to E. occidentalis as to R. calif or nic us. 

Type collections: (1) Var. cuneatus, “Var. 3 is confined to the wet 
meadows that lie back of the ocean in San Mateo Co., doubtlessly also reach- 
ing San Franeiseo Co, In eiiltivatioii at Berkeley it behaves very unlike the 
other forms, is almost annual, i.e. many individuals come to flowering the first 
year from seed, and die before the end of the year. Other individuals are of 
perennial duration.” No type was found by the writer at the Herbarium 
(Treeneanum, Notre Dame University. Speeiniens cultivated at Berkeley by 
Dr. Greene in 1893 and 1894 are at the Herbarium of the University of Cali- 
fornia. These were pressed one and two years after publication of the variety. 
However, they represent perhaps the stock from which the variety cuneatus 
was described, and they are the nearest approach to a type. (2) Var. crassi- 
foli us, /'Collected at Port Bragg, Mendocino Co., Calif., by Mr. Miehener.” 
The type of this variety also failed to be located at the Herbarium Greene- 
auum, and the writer has seen no isotype. 

6C. Ranuculus californicxts Benth. var. rugulosus (Greene) L. Ben- 
son, Am. Jour. Bot. 23: 30. 1936. R. rugulosus Greene, Fittonia 2: 58. 1890. 

"Wet sand of rivers and ditches up to 1,000 meters elevation; California; 
tiile land along the Sacramento River in Sutter County ; San Joaquin Valley 
from western Merced County to Kings and Tulare Counties; lower Sierra 
Nevada foothills from Tuolumne County to Mariposa County. ]\Iarch to May. 
Cf. L. Benson in Abrams, 111. PI. Paeif. St. 2: 1940. 

Type collection : “The type of this species is a very slender but tall plant 
from the Chowchilla Mountains in the eastern part of sonth-central Cali- 
fornia, where it was eollected in 1875 by Mr. P. P. McLean.” The “Chiow- 
chilla Mountains^ ’ are a ridge in the Sierra Nevada west of Wawona, Yosem- 
ite National Park. The TYPE is HGr 2799. 

„ 7. RANtiNCULUs CANiTs, Benth. PI... Hartw. 294. 1848. R. oceielentaUs Nutt. 
var. canus A. Gray.,: Proe, Am.^ Acad.. 8:' 374., 1872. .R. cal if or nic us Benth, 
var. canus Brew. '& Wats. 'Bot’Ualif.)!^ 1876.' R. canns -ybt. BlanlinrhipH 
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Eob. ill A. Gray, 8yn. FL N. Am. 1: 35. 1895. E. Blankinshipli Heller, 
lliibleiiberyia 1: 40.* 1904. B. longilohns Heller, Muhleiibergla 2: 36. 1905. 

Heayy soils of liills and valleys at 20-300 meters elevation; California; 
imier Coast Kaiig'es from Teliema County to the Mt. Diablo Kaiig*e; Sacra" 
iiieiito Yalley ; lower Sierra Nevada foothills (below the oak belt) from Butte 
Comity to iSioliimiie County; San Joaquin Valley in San Joaquin County 
and at Merced and Lindsev/Late February to early April. Cf. L. Benson in 
Abrams, 111. FL Paeif. St. 2: 1940. 

The name Ranunculus canus is taken for the plants of the I?, oecicleniciks 
complex haviii*!* fruit 4^5 mm. lon^-. In the Coast Range and the Sierra 
Nevada foothills it is not unusual to find on the same plant the large fruit of 
i?. canus and the (usually) relatively small, simple leaves of E. occidentalis 
var. Eisenii, which grows in both ranges at higher eleAuitions or at stations 
more remote from the Sacramento Valley than does R. canus. Tliis form has 
been named E. canus var. Blankinsliipii 

Type collections: (1) B. canus^ pascuis humidis vallis Sacramento 
nbi terrain late obtegit. Hartweg 1626 {239) in 1847. Jepson, Brythea 5: 
54. 1897, quotes the following from Hartweg: ‘‘On April 13, I left [the junc- 
tion of the Yuba and Feather Rivers] with Mr. L. for his farm seventy miles 
liigher up the valley. . . . Crossing Feather River, which here is eighty 
yards broad, and of considerable depth, our course lay five and twenty 
miles along that river, through a beautiful wood of evergreen and deciduous 
oaks. . . . Leaving Feather River we struck across a prairie for twenty 
miles ; here immense fields of Eschscholtzia croceu, E. calif orn ica and Ranun- 
culus No. 239, presented themselves, each species growing by itself. The 
junction of the Yuba and Feather Rivers is at the present town of Marys- 
ville; Oi'oville is 26 miles up the Feather River ; Chico is 21 miles northwest 
of Oroville. The country between Oroviile and Chico is treeless grassland. 
The type station for B. canus, therefore, must be between Oroville and 
Cliieo. A few collectors have obtained the species on the plains and foothills 
between the towns in recent vears. (2) Var. Blankinshv^^^^ “Capav, Yolo 
Coimty, Calif., J. W. Blankinship. 15 April, 1893.’’ (3) R. longilobus/^The 
TYPE is no. 7912, collected May 31, 1905 on hills about one mile back 

from Middle Creek Station near Keswick, Shasta county, California, grcnving 
in damp ground near a little stream. ” This plant is intermediate in vegetati ve 
characters between R. occidentalis x Eisenii and R and both 

the type collection and a specially-collected topotype {Heller 13930) show 
fruit partly of the i?. canus type and partly of the E. ocddentalis var. Eisenii 
type. While I?. ZoHpduba.s is qilaced in synonymy under B. canus, the type is 
by no means identical with that species. The Middle Creek Station plants 
seem, to represent a local population derived by recombination of char- 
acters of R. canus and R. occidentalis vars. Eisemii m It is 

doubtful if the population is sufficiently homogeneous and consistently 
differentiated to be coiisidei^ed as a separate variety. Howmver, this point 
might he determined by intensive field work at and near the type locality. 
Herbarium specimens are inadequate for such a study. 

LYA.:;:Ranunculus _canus''B war. laetus .(Greene)' L. Benson in' 
Abrams, 111. FL Pacif. St. 2 : 1940, E. caMfonnm^^^^ Benth. xaT." daetais 
Greene,. ,Fi.^ .'Pram;, 299,., 1892, E. caMfornicus var., camscens '.Hreeney FI. 
Fran,,, 299,, '1892.' Greene, Erythea 2:', 189..; 1894. ■ ' If. canus 

xm:. hesperoxys Davis, Minn, ;Bot.' 'Stud. 2: 475.. 1900. " 
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HeavA' adobe soil on north slopes of foothills; California; MarysTilie 
Buttes; Woodland; Yaea Mountains; Mt. Diablo Range ; San Joaquin Yalley 
near Stockton. March and early April. Cf. L. Benson in Abrams, III PL 
Paeif. St. 2: 1940. 

Intermediates between the variety and E, occur in the Sacramento 

Yalley. Y^est and south of the Mt. Diablo Range, the leaf form of var. 
laetus is found (‘ombined Avith the characteristics (small fruit and 9-16 
naiTOwer petals) of i?. californicus. 

Type collections: (1) Yar. laetus, ‘‘Yar. 1 is of the interior, about 
Snisiin . . . oeenpying low nieadoAv lands adjacent to bracddsh iiiarshes. 
Greene’s specimen collected at Siiisnn on May 4, 1890 is designated as a 
lectotype (HGr 2542). (2) Yar. canescens, ''Yar. 2 belongs to middle eleva- 
tions of tlie Mt. Diablo Range and the A^alleys among them, from Niles to 
the hills east of Livermore, thence soutliAvard to San Luis Obispo Comity. 
It was in part my E. Luclovicianus/^ The folloAving specimens are at the 
Herbarium Greeneaniim: near Livermore, Greene^ March 9, 1889 (HGr 
2528-9) ; Paso Robles, C. C. Parry in 1888 (HGr 2527). Since there is no 
material from Niles, the first-inentionecl locality, the Livermore specimen is 
designated as a lectotype. The Parry specimen is densely hairy like A^ar. 
laetus, but the fruit and floAver characters place it in B. calif orniciis. (3) E. 
hesperoxySj '^This is the plant, AAdiich in the Flora Franascana and in the 
Manual, I called R. canus, for the reason that it seemed to come nearer the 
description of that species than any other plant knoAvn to occur in the region 
Avhence Mr. Bentliam had his type. But having noAV seen that t;siie, I am 
prepared to assert that E. canus had not yet been rediscovered. Nothing at 
all resembling HartAveg’s plant is knoAAui to Californian botanists of the 
present time.” In Flora Franc iscana (301. 1892) E. canus is said to occur 
on “Plains and hills of the interior, especially about Antioch, and iiorth- 
Avard to Chico, Mrs. BidweEP’ The folloAving specimen is designated as a 
LECTOTYPE : Antioch, Greene, April 6, 1887 (HGr 2615). 

Representative specimens: California: MarA'SAulle Buttes, L. Benson 
6852, B ; AYoodland, E/nn/cmsh?p in 1893, GH ; Gordon Yalley, Napa County, 
Greene in 1886, HGr; Snisnn, Greene in 1885, HGr^JJG., in 1895, HGr, UC. ; 
Antiocli, Greece in 1887, HGr, UC, in 1895, HGr, IJC. Draw 915, EGr; Mt. 
Diablo, Greene in 1886, HGr; Livermore, Greene in 1889, EGr; KiiighUs 
Ferry, Bancroft in 1895, J, HGr; San Joaquin Coiiiity, Stanford, S. 

7B. Ranunculus canus Benth. var. ludoaucianus (Greene) L. Benson 
in Abrams, 111. PL Paeif. St. 2: 1940. E. hidovicianm Greene, BiilL Calif. 
Aead. 2: 58. 1886, E. calif ornicus ATir. Davis, Minn. Bot. 

Stiidies 2: 476. 1900. 

Moist ground of wernal meadoAvs or riAudets or mountain streams at 

1,000-2,300 meters elevation; Temblor, Greeiiliorn. Tehaeliapi, San Gabriel, 
and San Bernardino Motiiitaius of Soutli-Gentral and Soiitbern Califoinia. 
Yellow pine forest and oak woodland. Liate Mareb to May. Cf. L. BeBSon in 
Abrams III. B. Paeif. St. 2: 1940, . ■ 
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Type coilecfioiis: (1) B. ludovicianus, ‘‘Higli valleys among* tlie mouii- 
taiiis of San Luis Obispo County,, California, and eastward to Teliacliapi 
Pass. Collected by Mrs. Curran, in 1884.^’ Neither the Brandegee Collection 
at the LTiiiversity of California nor the Herbarium Greeneanuin contains a 
specimen collected by Mrs. Curran (Brandegee) in San Luis Obispo County^ 
and no speciineii of this variety has been collected in San Luis Obispo Coiinty 
at any other time. The epithet ludoiyiciamis has been consistently applied to 
the common many-petalled plant growing* in the Teliacliapi Mountains, and 
the writer believes that, in absence of a type, established custom should be 
law. The 1884 collection from Teliacliapi by Mrs. Curran (Brandegee) is 
designated as a lectotype, and, in the event that it is not rediscovered, the 
1895 collection by Mrs. Brandegee (Herbarium of the University of Cali- 
fornia) should be considered a substitute for it. Tlie 1884 specimen is to be 
found in neither the University of California Herbarium nor the Herbarium 
Greeneaiiiim. B.anu nculus californicus var. latilohus is an epithet attributed 
by some botanists to this plant (ef. discussion under B. calif onvicus) . 

Department of Botany, University of Arizona, 

Tucson, Arizona 



VARIABILITY IN WOOD STRUCTURE IN ROOTS OF 
NATIVE ONTARIO CONIFERS 

M. W. Bannan 


(with eighteen figures) 

INTRODUCTION 

The present paper is one of a series on the wood stnieture of conifers. 
Its scope is limited to consideration of variabilitv in the secondary xyleiii 
of roots of such native species as Thuja occidental is, Tsuga canadensis, 
Ahies halsamea, Larix larici)ia, Picea glauca, P. maria na, Finns BanJtsianay 
and P- Strohus. Material was collected from trees in different types of habi- 
tat and from different parts of the root systems, so that some conception 
might be obtained of the range of variation within the individual, the dif- 
ferences between trees in varied habitats, and the relationships, if any, 
between wood structure and environment. The bearing of the variability 
ill structure upon the identification of coniferous woods, both living and 
fossil, is discussed. 

The root systems of the native conifers differ. Larix larieiifa and Picea 
mariana under most conditions, and Thuja Occident alis and Picea glauca 
when growing in swamps, have shallow root systems made up largely of 
widely spreading horizontal roots confined to the top few inches of soil. In 
dry soils, especially sand, Thuja, Picea glauca, and Pi}iiis spp. generally 
Iiave sinker roots in addition to the laterals. These deep roots include the 
tap root, when present, and other roots which extend downward from the 
principal horizontal roots. In the following* descriptions these deep roots are 
designated as vertical roots, and the horizontal roots located close to tbe 
surface as lateral roots. 

GROWTH RINGS AND SIZE OP TRACHEIDS 

The width of the growth rings wms found to be highly variable. Of adja- 
cent rings one sometimes wms wide while those preceding or succeeding were 
narrow. Some rings were more or less uniform in width aronncl the eireiim- 
ference, others were deeidediy eccentric. The greatest eeeentricity was ob- 
served in certain lateral roots near the stem, and in vertical roots wedged 
between stones. On the other hand, many lateral roots, and most vertical 
roots growing in sand, were more or less round. 

Generally the growth rings w^ere wider in roots growing in wet soils than 
in dr^r,: sand.: In,, material 'of Thuja, Psuga, LaHx,: mii. Pkea' ■Mariam '' the 
average: differences .In ringywidtlx' between. roots ;:from:::wet::and vdry. 'sites 
ranged', from 25"to 50' ^per cent.'' ■■ 
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Tlie proportion of early and late wood in the gTOwtli rings, the size of 
the traelieids, and tiie thickness of their walls, varied greatly in different 
l>arts of tiie root system and in different specimens. The study of large iiiiin- 
bers of roots revealed some correlation between character of the Avood and 
location in the root system, and sometimes Avith the depth in the soil, but it 
should be emphasized that the AAmod structure Avas exeeedingiy variable, 
even in different parts of the same root. 

Usually, the largest traelieids and the least develo]nnent of late Avood 
Avere obseiwed in the inner AVOod, to a distance of 1 cm. or more from the 
primary xylem, in the distal parts of lateral roots of mature trees. This type 
of AA^ood Avas best developed in these lateral roots located in the upper feAv 
indies of soil, but at no point exposed, and several feet distant from the 
bole (fig, 3). 

A more stem-like Avood in AAdiich the traelieids Avere smaller in diameter, 
the AATills thicker, and late AAmod more extensive (figs. 1, 2), was found in 
the foiloAAung kinds of roots or in roots groAving under the folloAving condi- 
tions: (1) the AVOod in the proximal portions of the roots of small trees two 
or three feet high; (2) the wood on the upper side of large buttress roots 
belonging to mature trees; (3) the outer Avood, around the AAdiole circum- 
ference, of some of the larger lateral roots, both close to and as far as ten 
feet or more from the stem; (4) the wood formed on the upper side of lat- 
eral roots after they liaA^e been nncoAmred by soil erosion, irrespective of size 
of the root or distance from the stem; (5) some of the more or less super- 
ficial lateral roots of adult trees groAAung in meadoAAAs or SAATiiiips wkich 
tended to become dry during the snmmer; (6) certain of the vertical roots 
extending doAAUi into the ground. 

The above descriptions hold generally for the conifers listed in the intro- 
duet ion, but there Avas evidence that the range of variation in various parts 
of the root system and in roots groAAung under varied environmental condi- 
tions AYas greater in some species tlian in others. For instance^ the average 
differences in size betAYeen the traelieids of lateral and vertical roots were 
much greater in Pmra spp. than in Thuja occidentalis (table 1). 

The nature of the factors involY^ed in the development of the stem-like 
tA^pe of AA^ood in some roots YA^as not clear, although certain circumstances 
AA'ere noted AAliich evidently played some part. For instance exposure of 
certain roots resulted in a change in wood structure. An example in Avhich 

Explanations of figures 1-5. 

Pig. 1. Picca glaiica. Steiii-like wood in vertical root, 3 feet deep in unifonn sand. 
x40. Pig. 2. Fieea marmia. Stem-like wood in vertical root wedged between stones. X 40 
Pig. 3. Picea ^toca. Open type of wood ill lateral root 24 feet from tlie stem, approxi- 
'matelj/-' 2; 11101168 deep; in,: sand, .x 40., ■ ■ Pig.- 4:, Fieea marmia. .Abnormal; tissue in lateral 
root.; x: ,3.50. :; PiG. E. Fieea; 'marmna. Alternate' and' opposite'.arrangements. .'of "pits 'in tbe'' 
ra dial Avails of traelieids ill lateral root. X 330. 
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TAHLl^ 1 

Jvcraiic rddial (nid UingeniUtl diim uMonii of carl ij- wood trarh( idfi in root irood 
at didancvH of :1 to d mm, from ihr primari/ .ri/lem 

8}K'ci<.'H |jntt‘i‘al roots Voii'K'ol i-oots 

42x^27^ 40 X li 

48 X 29 II 00 X 20 

40 X 28 04 X 22 ii 

siieli a relationsiiip was indicated lias been described and illustrated in a 
previous article (Baiiiiau 1937) for Thuja occidentalis. Similar ('orrelation 
was observed in exposed lateral roots of otlier j^’enera. 

On the other hand, some eirennistaiice otlier than exposur{‘ was inddentl y 
operating’ to produee the stem-like -vrood found in some [‘oots well lielow tlu^ 
surfa (-0 of the jrroiuid. Certain verti('al and oblique lateral roots ol‘ Picva, 
located at deptlis of 1-2 feet in j[»‘ravelly and stony soils, exhiliited a transi- 
tion from a more or less open type of Avood near the ('enter to a fine-1 (‘xtiinal 
stem-like Avood in tlie outer ring’s. Verti('id roots of smdi Avestei*n sjtet'it's as 
PvnuH ponderosaj Tsuga hcderophjpk^^ and Lihocedrus dceurrtdis (‘xcavated 
from g'ravel Avere also found to resemble in this respect the roots of Picra 
described above. In most roots the ciiange in wood tvqte took ithu'c whil(‘ 
they Avere still quite small, not more than 1 or 2 cm. in diaineter, 

In other vertical roots of Putt/ (P. glatica.) the wood was stem-like from 
the center. Such a uniform stem-like Avood was oliserved in I'oots growing 
at depths of 2-4 feet in medium or coarse sand Avithout giaivel oi* stomps. On 
the other liand, vertical roots of Tsuga caiuidenms at similar tlejdhs in fine 
sand Avere less stem-like. In these roots the AVood varied ('(msidtnad)l\' iToin 
one specimen to another, and even in different pfirts of one gi‘owlh ring at 
the same level in the root, C<)iisiderable Aairiation was also found in vtniit'al 
I'oots of Thuja oc<ad(ditali,H at lik(‘ dejiths in fine sand. Some of tlH‘ roots 
exhibited a transition from an open wood near tlu^ ('enter to a rattier stmn- 
like wood iit tbe (inter rings, biit in otliers the wood was inoia' or l(‘ss uni- 
formly iiiteruietliate ill characttm. The fadors rTsponsihle for tliese ditlVn*” 
ences were not determined. 

The age of the tree appeared to have some iuilueiu'e upon ilie wood stinic- 
ture. The wood in the proximal parts of tlie roots of small trees ii|) to 2 or 
3 feet in height was usually stem-like. The youth of the trees suggests tlrnt 
here some ontogenetic facdcir was involved. 

Another eireumstance having some effect on the wood stnudure, particu- 
larly in the lateral roots of mature treesy was distance fiaini the stem. In 
liiost of the fonns less extensively developed and tlu' 

tracheids became larger in diameter at intumsing distan('(‘s from the hohx 
The extent of this tracheid enlargement is illustrated in figure 13 for Lurix 


Tiuija (Hudd&ntaUn (07 roots) 

Pieea mar kina (53 roots) 

Picea glauea (42 roots) 
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and Ficea. In Thuja^ on tlie other hand, there was little difference. No 
Dieasiirements were made of the traeheids in roots of Tsiiga canadensis, 
Pnius Banksfana, or P. Strohus^ but the trend appeared to be similar to that 
ii lustrated for Larix and Piceu, 

No consistent relationship wa>s discovered between the size of the 
traidieids in lateral roots and the amount of soil moisture. Measurements 
were made of some 70 roots of Larix laricma, collected from four sites, two 
wet and two dry. The radial and tangential dimensions of the early-wood 
traeheids in the inner wood, at distances from 6 to 19 feet from the stem, 
■were as follo^vs : 64 x 34 p in roots growing in a swamp in southern Ontario ; 
60 X 32 p in roots on elevated ground nearby, the soil a mixture of silt and 
sand ; 71 x 37 p in roots groAving in Avater-soaked muck at the bottom of a 
<ireek ffoAving through a larch, black-spruce sA\Tiinp in northern Ontario; 
63 > 36 p in roots on a neighboring sand plain where no Avater Acas encoun- 
tered in excavations as much as 4.5 feet deep, the soil a inediuin or coarse 
sand. 

In both (comparisons betAveen Avet and dry sites the traeheids were 
slightl}' larger in the roots groAving in SAvamps. However, a trend in the 
opposite direction Avas observed in the roots of Picea maria na. Here the 
traclieid dimensions in lateral roots obtained from tliree sites Avere : 43 x 27 p 
in SAvampy silt-sand soil in southern Ontario; 46x29 p in dry medium or 
coarse sandy soil, northern Ontario; 54x29 p in dry gravelly soil, northern 
Ontario. 

In Thuja oceidentalis very little difference Avas discovered betAveen roots 
in wet and dry soils. 'Roots were collected from a number' of sites in southern 
Ontario, and the average measurements Acere 42 x 29 p in dry soils (sandy 
hilltops), and 42x26 p in cedar sAATimiis. All the values represent the out- 
side dimensions of the traeheids, that is the distances betAveen the middle 
lamellae. The ineasurements Avere based upon the earh-AVOod traelieids in 
the inner wood, 1~3 nun, from the primary xylem, in lateral roots at points 
6-49 feet distant froin the stem. 

The observations recorded fail to indicate tlie existence of any consistent 
relationship betAveen tracheid size and soil moisture. Diverse tendencies 
appeared in the species studied, andunuch dissimilarity AAms found betAveen, 
trees of the same species growing under like soil conditions, and sometimes 
between ro()ts of the same tree. 

A search of the literature revealed that some work has been done on 
the texture of wood in stems, but apparently none on roots. HarloAv ( 1927) , 
reporting on tracheid diameters in stem wood of Tkiija ocxidxnM^^ 
greater variation between trees on the same site than between the averages 
of tAVO extreme sites, though the tx'ees on limestone soil had slightly smaller 
traeheids: than 'trees m sl peathog. Myer .''(1930). ionnd' fhenntra-regional 
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va,,ria1:i()ii to be miicli gToater tJuiii tlie .iiiter^regioiiai. variation. Tla^ nvcn'iv^e 
taiig'eMtial diaineter of traelieids in, tlie stem of Thh(j<i caudilen.'^is grow'iiig 
ori a spriU'C fla-t Wcis 4.4 ])er (*en.t g‘rea,.ter tiia.ri. in t,rces o,n a slope, bn I" «ai liic' 
.latter a 17 jier ee.nt va.riati(,)n, was observed. A<a.a):rdi:iig i'o .Ivienliijl,/. (1!K]1) 
traeheids in the wood of Piiius conforhi were larg’er in trees in sfjhavniini 
bogs tlia:n, on. other sites. 

TRACIIEID PITTING 

The bordered pits in the radial walls of traeheids in tlie set-onda ry N\deiu 
of the native conifers are usually opposite, but as Tlionisoii (11)18) lias 
shown in Larix, and Bailey (1933) has indicated for most of tlie otluM’ gmi- 
era, an alternate arrangement is not inic()riinion. The latter is fr(‘qneiith* 
to be seen in tlie first 20--30 growtli rings in the distal jiarts Of lateral roots 
of AbieSy Tsuga, Larix^ Picea^ and less often in Thiija and Pinus, The more 
coiumon opposite a,ri*angement witli conspicuous crassnlae (rims of 8anio) 
is illustrated in tigure 7, and without crassnlae in figure 8. An alternating 
arrangement is slmwn in figures 8 and 9. Very \\nd(‘ traidieids oftiUi hav(^ 
three rows of pits, whii-h may be grouped, opposite, or* alternate, and e}‘as“ 
sulae may be present or absent (fig. 6). A simihirlA' w'ide range of variation 
in arrangement of pitting and development of ci'assiihu‘ was ohservt*d in 
Abies, Larix^, a.nd Picea (figs. 10-12). 

The alternating ari*aiigemeiit of pits occurred most fr-equently toward 
the overlapping ends of the traeheids where the pits were aggregated, It 
was foiiud most often in the inner wood of lateral roots, seldom in tin* ontiu* 
wood, or in vertical roots. No outstanding generic distinctions in th(‘ |)i‘oj)or- 
tion of alternate and opposite pits were noted between Abies, Ib^itga, Picea, 
01 * La.rix^ l)iit in Thuja and Pinus alternating iirrangemeuts were h'ss 
nnmerons. 

Some diiferein^es were observed in the torus and pit memhraiie. In Abies 
and Tsnga heavy bands extended across the membrane, usually in a radial 
direction from the rim to the torus (figs, 7, 8), but (H‘taisioually in a, more 
or less tangential directiou so as merely to come in contai't with ouc^ siili^ 
of the torus (fig, 9) or to avoid it completely. These l)itn(ls gave the same 
staining reactions with rvitheniiim red and liaematoxyliu as tiie toms, Ttup^ 
w^ere not present in all pits, but generally Avere quite (‘onspimous in thiwe 
two' genera.'. They were seldom observed in Larix, Picea or Pinas, In," tlie 
latter genera the margin of the to.rus is fi,nely serrate (figs, '5, 10);. 

Explanation of figures 6-12. 

Ari‘n.agc'uient.s ().f pits on tlie I'a dial walls of early-wood traeti<mis iu iln‘ litmn* wood 
of tlie distal jiorti-ons of latenil roots, Fio. (>. Tsnga earmarti.^is, {U'oujx'd and opposin' 
pita Avitlunit enusanlac. x B30. Fig, 1, Tmga canadensis. OfipoaUe pita witli orassulae. 
x33(). Fin. 8. Tsnga ca>nadensis. Alternate and opposite pits williout erassnlne, > IVMK 
Fjg. 9, Tsnga canadensis. Alternafe x>i,ts, sliowhig structxrre of the pit membra n<*. x 1300. 
Fig. 10. Larix laricina, AltcTiuite pits. X 330. .Fig, II, Laxix lairicina. AUermUc' pits. ' 330. 
Fig. 12. 7air/.K /(ndrPuo Triseriatiwand ate^^^^^^ 
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VERTICAL PARENCll Y M A 

Vertic-ril pareii,cl:iyiiu:i, iipart. from that associated, Avitli resisi duds, :is 
coiiiiooM ill the roots of T.sai/u, usually Hbuudaiit but souietiiiies iirfriMiuetit 
ill Larix, and j^'eiieraliy scarce but o<a*.a.sioual]y abundaut iii Ficca. Tlii* ceils 
are terminal in distribution. A few parenchyma (alls wi‘re oliscrvial in a 
root of Fiiius IFirikxiaiia, but since they were seen in a transverse s(‘ction 
cut from material which in the meantiine had been disiairdml thma^ was no 
Avay of ascertaining* wliethei* they Avere separate xA'Iem |)arenchyina, (alls or 
were simply the euelosing cells of a resin duct wlncli had ceased a shoil 
clistance aboA^e or below. In the Abietineae studied no definite irends in 
(listilbution were noted in different types of roots, oi‘ in roots from varied 
habitats, nor Avere any peculiarities in stnndure observed wbidi mig'lrt server 
to disting'uisli sucli similai* woods as P/eee and Larix. In Thuja V(u*ti(s‘il 
pareiicliyma is ccniimon though variable iu distribution, ''the ('ells ar(‘ usual 1\' 
scattered tliroiighout the groAvth rings, but sometimes, particularl.v wlum 
dearly associated vvitii injuries, (X'cur in tangential airi’angiuncnt. 

That xylem ])arenchyma is erratic also in stem wood, espialally in the 
Abietineae, lias been shown by Bailey (1{)09). The distrilmtion and Uv- 
queney of xylem parenchyma have been used for distinguishing i'ossil woods, 
blit studies of living conifers show this dnuauder to lie too variable to liave 
any diagnostic value. 

Unlike the separate xylem parenchyma, the parenchyma cells surround- 
ing the resin ducts in the Abietinea,e vary lioth AAotli the genus and the {lart 
of the tree. For instaiu'e, tlie epithelium lining the duets in the wood of 
Lanx midPicca is made up partly of tliick- and jiartly of tliin- walled t'dls, 
but there are usually more thin-walled tadls in Picca tlian in Larix, and in 
both genera the pro|)()rtion of thin-walled eells is highei* in I’oots and iu tlie 
outer wood of (>ld stems than in the inner stem or bram'li wood (Bannan 
1936), It may be noted liere that the jiroporticms of tldn -1X0110(1 t'ells, as 
given for roots in the paper t'ited, applied only to lateral roots. In vaudnad 
roots file percentage of thin-walled cells is soim^what lower than iu latmad 
roots, but higher than in branch or stem wood of similar size and age. 

The nafiire ot the epithelium of resin duets is of some diagnostic value 
when utilized in conjunction witli other (dmra(d:ers. Howev(‘r, iu view of tin* 
variation between individuals and different parts of tluttree, tlie (V|)ltlu:diiini 
alone should not be regarded as an infallible chaiauder foe stqiarating woods 
whicli (dosely resemble one another in otlier features, as for instance Larix. 
mid Picea. 

. THE DISTRIBUTION OF RESIN DUCTS ' 

y:The,..total nxiinber .of .vertical .resin" (liictS''in the first 15. growth' rings' 'i,n 
154 lateral roots of Pmea (Pi P. mariaaa) and Ixirix (l,"larh 
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cilia ) (‘ollected from various sites ranged from 15 to niore tiiaii 200. Boots 
of tlie liireli were obtained from two places near Toronto, and two sites on 
tiie noi'tli shore of Lake Superior. Very great difterenees in the average 
iiumlier of resin duets were discovered in the roots from these sites (table 2). 
The fewest duets were found in roots dug from muck in the bottom of a 
creek lowing tlirough a black spruce and larch swamp in northern Ontario, 
and the greatest number in roots growing in a rather open sivainp adjoining 
a field in southern Ontario. The abundance of ducts in the southern Ontario 
materia] may have been due to injury by grazing animals, for most of the 
land has been pastured at one time or another, and the lateral roots, located 
close to the surface, are liable to be injured. In black spruce also more duets 
were found in the southern Ontario roots. A noteworthy feature of the 
northei*n Ontario material was that more vertical duets occurred in the roots 
growing in gravel than in roots in uniform sand (table 2). 


TABLE 2 

Number of remi ducts in lateral roofs 


S})(‘eies 

B a 1)1 tat 

Av. ring 
width 
(mm.) 

Av. total no. 

of vertical 
duets in 6rst 

15 growth 
rings 

Av. no. of 
lioriz. ducts 
per sq. cm, 
at 3-5 
mm. from 
pr. xylem 

Lari.r Jaricina 

Elevated silt-sand soil, 
S. Out. 1 

0.25 

89 

46 


IjOW ground, open 
swamp, B. Ont 

0.37 

124 

42 

i 

1 

Medium to coarse 
sand, dry sand ^ 

plain, N. Out 

0.35 

66 ' 1 

31 


M lick, creek in 

swamp, N. Out i 

0.36 

as , 

L ' 33 

Pieea mariana ... 

’ IjOW ground, open 
swamp, B. Ont. 

1 

0.35 

112 

122 


Dry gravelly and 
stony soil, N, Out. ... 

0.24 

93 

■ 83 


Medium to coarse 
sand, drv sand 
„ plain, N. Ont 

0.25 

53 

85 

Pir<‘a alauea 

M(‘dium to coarse 
sand, dry sand 
])lain, Out 

0.40 

1 76 ■ 

' 84 V'' 


Tlie dititribiitiou of ducts in vertical roots was even more variable than 
in lateral - roots. The most numerous duets were observed in vertical roots 
(and in some oblique lateral roots) of Picca marwHa extending down into 
gravelly and stony soils. These roots were decidedly eccentric and much 
distorted, and transverse sections revealed areas of cell disarrangement and 
open iiijnry, especially in the outer growth rings. Apparently these injuries 
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were due to pi*essure exerted by the stoiies u{')on the roots w(‘d<i'ed 

between ttieuL AssiKrijited with the iujiules were both exlensivt^ taii^esitiid, 
series and seattei'ed duets (fi^. 2). 

Otliei- vertieal roots, |)artieularlv^ some of Ficvit (jUtHcn (‘Xtoivated i'roiii 
a luediuiu to coarse sand without stones or oth(‘r obstades, had Few diuds. 
The nuinber in these was, on the avera<»:e, only about iud i‘ that oi)servw! in 
lateral roots g^rowiny* on tlie same site^ but tdosei* to tlie surdu'e ol“ tiu^ 
ground. In fact, four of tlie vertical roots were almost lacking in dinds, the 
anarrage total immber in the first 15 rings lieing only 5, ov an average of one 
duet every three rings. As is illustrated in figure 1, diu'ts \\'(‘re a!)S(mt from 
large areas of tlie wood. Tlie paucity of ducts was not attributalde to lark 
of growth, since the rings were as wide as in roots witli many dinhs, Imt was 
evidently correlated witli an absence of injury due to the natiua' of the 
medium in whieh the roots were growing. 

The distribution of tlie lioirizontal duets likewise .valued greatlv^ in dil‘- 
ferent speciinens. The liorizontal diuds were more nnnierous in roots of Imt ji 
arid L^/rar collected in soutliern (Intario tlian in northeiui |>arts of tin* 
province, the distribution paralleling that of the veidimd ncsin dmds in t hat 
respect (table 2). 

The grand average miniber of horizontal ducts per sq. (un. of tangential 
section, detenuined at distances from 3 to 5 mm. fi-om tlie inurnary x\^lem, 
was 84 in lateral roots of Pieea glauca, 87 in Picca mariaiKu and 38 in Lavix 
laricina. Siinilar luimbers of liorizontal dutds were observed in tlie outei* 
rings, from 3 to 5 em. from the center, in Picca, but in Larix the numimr in 
the outer rings was greater than in tiie Avood nearer tlu* (*enter. (k>iis(‘“» 
quently the differeni'es between the two genera obs(U*ved in the inner wood 
tended to clisappear in tlie outer rings. But even in the inner wood, wliere 
substantial diiferenees were not(‘d in the average values, tlie distrilmtion 
was iniieh too irregulai* to have any diagumstic value. 

The roots of both lartdi and s])ruce are diareh as a rule, and in roots ii|> 
to 1 cm, in diameter 20 'per cent more horizontal clm-ts, on, the averagiv were 
found in the radii parallel to the ])rimary xylem plate tiuui in the otlnu* 
sectors of the wood. Factors responsible for this inerease were tlie origin 
of horizontal duets from the priniary, verti<ail dmds, and the grtaiter nvinn 
bers, . of '.rays 'hi those radii. 

The distribution of horizontal ducts in vertical roots (Pieea spp.) was 
'very erratic. They were immerons 'in some roots, pa'rtic'ula,rl\^ i'U those grow- 
j,ngd,n. gravel,, and were' scarce in others. 'In fa(d-,\in one root gr(')w,ing' in a 
■uniform sand the .horizontal ducts 'were ■ so., rare as to,. be absent' fronT tan- 
gential sections of considerable. 'area^'-Vertical ducts ■ also ,wo.re' very seanm 
.in .tbisvoot. 

,'v ' Since; certain'^';gen:eric. differences^ exist, '■ the'' distribut'ioi'i' "'of .resii'i, ' ducts 
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lias been used as a character for differentiating* the secondary xylems of 
living Abietineae and of fossils of Abietinean affinity. In Ahies, Tsiiga., and 
Pseudolarix, ducts, when present, are always of the A^ertical type and are 
aiuTinged in tangential rows. Similar tangential series occur in Cedrus, but 
in tills genus tliere are also horizontal duets. In Keteleeria only vertically 
oriented ducts have been reported. These appear to be confined to tangential 
series in some specimens, and are distributed throughout the wood in others. 
Both vertical and horizontal ducts are found in Picea, Larh% and Pseudo- 
tsuga. The vertical ducts are usually scattered, but in some cases tangential 
series are also formed, and on rare occasions all the ducts are tangentially 
arranged. Piniis, likewise, has both vertical and horizontal ducts, but the 
former are generally dispersed throughout the wood and extensive tangen- 
tial series ver,y seldom occur in living species. Tlie usual practice in the 
literature has been to describe tangential series of ducts as traumatic and 
a scattered pinedike distribution as normal. Evidence lias been presented 
(Thomson and Sifton 1925; Bannan 1936) wdiich indicates that the various 
Abietineae form a graded series and that the ducts, w^hetlier in tangential 
series or of tlie diffuse type, are correlated with extraordinary environ- 
mental circumstances. The distinction betw^een traumatic and so-called nor- 
mal diuds is based upon an erroneous conception of the character of the 
ti’aumatic tissue in the pines and related forms. 

Although the distribution of ducts in the Abietineae is usually that 
described above, variation in different specimens may at times be so great 
as to render this criterion unreliable. For instance, the secondaxy xylem of 
seedling stems, the inner wood of branches, and the wood of certain vertical 
roots of Picea may possess no ducts, ducts in tangential series, or a few 
S(*attered vertical ducts and only wddely separated horizontal ducts. In some 
(mses the wood is like that in Tsuga, or at times approaclies the condition 
in Keteleeria. In contrast, other specimens may have numerous ducts with 
a pine-like distribution. Consequently, on the basis of the distribution of 
resin ducts alone, occasions arise when it is difficult to tlistinguish Picca 
wood from Tsuga, or in other cases from Pinus. Under such circumstances, 
tlie identification of woods whose sources are unknowni must be made with 
the assistance of other characters, as for instance the nature of the epi- 
thelium surrounding the ducts, the structure of the I'ays, or other features 
of the primary or secondaxy woocl. 

A peculiar type of tissue, probably traumatic in origin, wus observed 
in a root of Picea numana. It oeciirred in three' giuwdli rings : the sixth, 
ninth, and foxirteeiith froixi the ceiiter. In each the tissue was found in small 
groups arranged tangentially, in eontaet with the late-wood tracheids of the 
preceding ring on one side, and surrounded oxi the other three side hy 
semicircles of dhick-walled ^ parenchyma; cells ■ .(fig."4);.' The: tissue, was'^nom- 
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j)(:)sed of tliiii-wa.lled, (-elis wliitdi stained deeply with };uienia.t«>x\1iu but- 
iiu.affeeted by satTU-niii. Since the outlines of l)ordered |)its \v(U*e dis(Tn'iiiI)lt‘ 
Avlieu the walls were viewed in radial se(.d'ions, it is evident tliat the thiiu 
walled cells were tracfieids w'hose development had no1 |)!‘octMMl(Ml iniicf! 
l)eyoiid the initial statues. Some resinous niatei*ial was foinul in tfie areas, 
iloAvever, they differed from resin dmds in the abseiu'e of lar^’e intert^hlular 
s|)aces. In place of the extensive schizo^^i'enoiis cavities whi(‘ii charactcnnzt* 
resin ducts tliere (xanirred incompletely developed tracfieids. 

IIEIOIIT AND DlSTRIinTTION RAYS 

Tile avera^‘e liei^’ht of the rays in the inner wood of the lateral roots of 
adult trees is shown in figure 15 for live species of native (onil'ers. lu all tin* 
lieight was (aihnilated at points 3 mm. from the primary XAienn two deti^r- 
minations being made for diareh roots, one on the radius jiaralleling the 
primary xylem jilate, and the other on the radius at right angles to tln^ 
plate, Tlie deteriniiiatioiis were made along the roots at tla* distaina's from 
the stem indicated in the figure. Different trends in ra\' ludglit were ob- 
served. In Thuja the rays were low in tlie distal as well as in tlie [iroximal 
])arts of tlie roots, but in the other conifers tlie lieight was greatei% and as 
shown in figure 15, increased sharply witli distance from tlie stem. Whmi 
(ioiniiarison was made witli branch wood it wa,s found that the averagt* ra,v 
lieight in the distal roots of Thuja was approximatel\" the sanu* as in 
branelies of like size and age, whereas in Tmga the rays wei’C sliglitly liiglier 
in roots than in comparable branches, and in Ficeiu Larij\ and Pinus wer<» 
innch higher than in branches. 

III diarcli roots 1 cm. or less in diameter, the average ray lH‘igbt vaflcil 
on different laidii, being generally somewliat griaitm" on 1h(" radii at rigid 
angles to the priinary xylem plate. The growth rings also were nsdally widen* 
in tliose radii, but on tlie whole no correlation between laiy height ami ring 
widtii was obseiwed in I'oots of tliis size. Tlie lieight in laiots with wide rings 
generall\' was no greater tlian in roots with narrow* rings. In this resju'ct 
the roots differed from stems or bramdies of similar sizen In the latter t!u‘ 
rays were higher in the specimens with the wider rings (Bannan 1!)37), 

The average ray lieight in the outer wood of large lateiad roots, si^vinad 
cm. in diameter, varied greatly. In some roots it was about the same as tliat 
in the inner wood. In others there was a sliglit imn’ease, and in yet othei^ 
roots, especially where tlie outer, rings became shari,)ly' narrower, some of 
the ray row's ceased and ' the- average ray lieight 'declined. Generally the rays 
were slightly higher in the outer wood on the upper than on the under side, 
but' o.cai^asional'lycthe reverse- .was tinie,..''^ 

-y.'-'No 'cpiisistent' relatioiiship.: was,Tlis(U)vere'd.'''betwee,n,;: lunght ami -soil 
.'■eonditions.' In ■Pimi/marmm the' .■averagetheight' wms" soirunvi ud gr(‘a,ter I.n 
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DISTANCE FROM STEM IN FEET 




DISTANCE FROM STEM IN FEET 

Fid. ai'ca of eariy-wood tracheids in lateral roots. The size of the 

trjK'lieids was incasiii’od in the inner wood, 1 to 3 mm. from tlie primary xyleni, and at tRe 
distanees from the stem indicated. Data based on 174 sets of measurements. Fig. 14. Aver- 
age pereentage of ray rows containing ray tracdieids in lateral roots. The percentage was 
ddto'inined at a distance of 3 mm. from the primary xylem; two calculations were made 
and averaged for diarcli roots, one in the radial plane at right angles to the primary 
xylem plate, and tlie other in the plane paralleling the plate. Data based on 271 determina- 
tions. Dig. 15. Average ray height in lateral roots. The height wars calculated at 3 mm. 
from the primary xylem, determinations being made from radial sections as described 
al)ove. Data liasecl on 295 determinations. Dig. 16. Average nimiher of rays per sq- mm. 
of tangential section in lateral roots. The determinations were made at distances 3-5 mm. 
from the primary xylem. Data based on 263 ealculations. The species are Thuja accident- 
talis^ Tmiga Pwea. marianaf Ficea glaucay Larix Jaricimi and Pmu$ Banhsiana* 
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3*oots ill dry sand than in roots eollected from swani|)S. A sli.yiit 

difference in the o])posite direction was noted in Larix larieina, and in Th uja 
occidenfalk and Tsufja canadensis no appreciable dilfereiu'cs were observed 
between roots from tliese two types of liabitat. These statements apply only 
to the smaller lateral roots, approximately 1 cm. in diameter. In ]aj*ger roots 
of Thuja oceidenfalis the ray height in the outer wood was found to be 
greater in the drier habitats, but similar comparisons were not made for 
the other conifers. Tlie range of variation between individuals on the same 
site was generally very much greater tlian the average differences between 
sites. At one site where a few roots of Picea marlana were collected from a 
very small area, the average ray height in one root was approximately 
double that in the others. The soil appeared to be uniform in texture and 
moisture content, and the trees were of similar size. 

The number of rays per unit of tangential section, in lateral roots, was 
more or less inversely proportional to the ray heiglit. In Thuja, where the 
rays were low, they were more numerous than in Larix, Picea, and Pinus, 
which had high rays (figs. 15, 16). Moreover in the latter genera the rays 
were less frequent in the distal parts of the lateral roots, wliere the lieight 
was greatest, than in the proximal portions. A factor in the lessening fre- 
quency of ray>s in the distal roots was the broadening of the traeheicls which 
necessarily spread the rays farther apart. 

The ray height in vertical roots (Picea glauca, Pinus Strolnis, and P. 
Banksiana) was definitely lower than in lateral roots, and approximated 
the height in branches. The average height at 3 mm. from the primary xylem 
was 3.6 cells in Picea glauca and 3.8 cells in Pinus Banksiana, as compared 
with 5.5 and 5.3 cells in lateral roots the same distam^e from tlie stem. A 
like dissimilarity was noted in P?/na.v /S'/iYi/nov. Outward from the centei* of 
the roots the ray heiglit increased sliglitly, but still reraained below that in 
latei’al roots. The average was 5 cells at 2-5 cm. fi*om, the priinatu'' xylem 
in vertical roots of Picea glauca, as compared with an average heiglit of 6 
to 7 cells in lateral roots of -similar .size, growing in tlie same kind of soil. 
In Thuja:' occidentalism on the other hand, little difference was found between 
vertical and lateral roots, tlie average ray heiglit being low in all roots. 

Although different tendencies become apparent in various genera when 
a large amount of material is examined, both the height and distribution of 
rays vary too nuieli from one specimen to another to be useful in differen- 
tiating closely related forms. For instance, the trends and average values in 
Picea rnd Larix are too similar to have any diagnostic value. Moreover the 
differences between individuals are much greater than, the average differ- 
ences between the two genera. The height and distribution of i^ys in Thuja 
differ markedly, from: the other. Conifers,: but :the wood^^' of this':' genus.' may 
readily be separated from that of the Abietineae by other iriore reliab^^^ 
characters. 
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RAY STRUCTURE 

Tlie ray cells are principally pareneliyma and traelieids, but tiie pro- 
]){)rtioiis ot tiiese cells differ ^‘really in various conifers. Kay traelieids were 
seldom found in the lateral roots of Thuja^ they formed a small percentage 
of the ray tissue in the inner root wood of Tsiiga and Picea (fig. 14), were 
more abimdant in the roots of Larix^ and made up from one-third to one- 
half the ra>" tissue in Pinns. In all genera ray tracheids were less numerons 
in lateral roots, particidarly in the inner wood to a distance of 1 cm. from 
the primary xylem, than in stems or branches of similar size and age. The 
greatest difterenee between roots and stems w^as observed in Picea glauea, 
in Avhieh the proportion of ray rows containing ray tracheids was only 5 
per cent in the inner wood of distal lateral roots as compared with from 20 
to 40 per cent in stems ; and the least difference in Pin ns where ray tracheids 
were almost as abundant in some roots as in stems. The extent of these dif- 
ferences was indicated in a previous article (Bannan 1937), but it may be 
pointed out liere that tlie values presented in that paper (table 1) for typi- 
cal buried^’ roots pertain to lateral roots only. 

It is interesting to note that ray tracheids are usually slightly more 
numerous in stem wood of Picea (either P. glauca or P. mariana) than in 
Larix {L. laricin^^ but in roots the reverse is true. The proportion of ray 
tracheids in the inner w^ood of lateral roots of Larix was, on the average, 
twice that in Picea (fig. 14). In other words the degree of difference between 
root and stem wtis generally much greater in Picea than in Larix, This serves 
as another illustration of the manner in which conifers which closely resem- 
ble one another in many respects may differ markedly in the degree of reac- 
tion to similar eiivir on mental conditions in some other character. Kelation- 
ships observed in one species are not necessarily of general application to 
tlie group as a, wliole. 

Widely ditfei*eut jiroportions of ray tracheids were observed in the outer 
wood of tlie bigger lateral roots. In a large buttress root of Picea Eng el- 
ma/nniy examined at a point near the stem, ray tracheids made up 17 per 
(»ent of the ray tissue in the outermost rings on the upper side, but w^ere 
absent on tlie under side. In another large lateral root, which was still 9 
cm. in diameter at a distance of 12 feet from the stem, ray traelieids consti- 
tuted less than 1 per cent of the ray tissue in the outer rings, both on the 
upper and under sides of the root. In other roots of Picea Eng elmanni mid 
ill other species of Picea ray tracheids usually became more numerous in the 
outer rings. Thus iii large laterah roots of Picea glauoar mid at 

distances from 1 to 10 feet from the stem, ray tracheids attainecl maximum 
values of from 20 to 30 per cent in the outer wood on the upper side, or nearly 
■as ■much as "in stem wood. In ■most 'roots, ray; -tracheids 'w:ere;lessmumerons 
on the 'under side, the. nsual.difference'-being^ from^ 5;, to'' 10:-per""eent.;Similar^ 
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proportions were observed in the outermost rinj^'s in lar^’e lateral i*oots oi: 
Larix larichia. In Thuja occidenfalis tlie pereentage of ray traelieids was 
very low thi'onglioiit tlie wood in latei-a,I roots, averaginji,' 0.3 ])er wait at 3 
mm. from tlie |)riniary xylem and 1 per rent at 1~3 ein. 

In Larix ray traelieids were most nuniei'ous in roots obtained fi-oui the 
iiortliern parts of the proviiiee. The aveiTig'e ])roportions were 20 per rent 
in northern Ontario and 13 per rent in southern Ontario (the determina- 
tions being made at 3 mm. from the protoxylein in lateral roots at distaina's 
from 6 to 19 feet from tlie stem). In both regions ra}' traelieids were sliglitly 
more abiindant in roots growing in swamps than in dry sand, but the avei*- 
age differences were so slight as iirobably to be without significaru'e. Similar 
differences between roots in wet and dry sites were observed in Picca mari- 
ana. On the other hand no appreciable ditferem^es between roots in varied 
habitats were discovered in Tsuga canadvn.sis, and in Thuja oeeidrnfalis ray 
traelieids were scarc-e in all roots. 

Wide variations in number of ray traelieids were noted among ('ertain 
individuals of tlie same species growing under apparently similar (nudi- 
tions. For instance, in one tree of Pleea mariana the average per cent of ray 
traeheids in the inner wood of lateral roots was 17, in another 6. Several 
roots were examined, but the deviation from the average was relatively 
slight ill eacli tree, the roots of one having a consistently high proportion 
of ra.Y traelieids (11-22 per cent), and the roots of the other a low iiropor- 
tioii (4-10 per cent). The trees were of like size and were growing in an 
open eoniferous stand on a sand plain. Althougli it cannot be stated that 
the environment was identical for both trees, no appreciable differences were 
detected in soil texture, nioistni'e, or root eoiupetition. It would seem that 
these particular vairiations in number of ra\^ traeheids were due to genet i(* 
rather than to environmental factors. Certainly the dilfereiices between imli- 
viduals in the same habitat were nvucli greater than the average dilfereina's 
between those from sncli unlike habitats as dry sand plain and swami). 

The proportion of ray traelieids in vertical roots, as a rule, was no bigbei* 
than in lateral roots, and in some was lower. In vertitfal roots of Pkxa 
ray traeheids made np 7 per cent of the ray tissue 3 mm. from the 
protoxylem in botli lateral and vertical roots, but 2-5 cm. from the ceutei^ 
ray traeheids were usually less numerous in vertical than in lateral ]*oots. 
In the material examined the proportions 2-5 cm. from the (tenter Avere 14 
per cent in vertical roots and 22 per cent in lateral roots. In Pinas Bank- 
sianayP. Sirobns, and the western Tsuga heterophylla and Pinns ponderosay 
ray traeheids were slightly less numerous in vertical roots up to 1 cm. in 
diameter than in lateral roots of eorrespoiiding size. Larger vertix'al roots 
of these species were not examined. In all roots of Thuja a ccid^^^ 
traeheids. were scarce';' (' 
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It is iiotewortliy tliat altliougli vei^tical roots have wood wliieli is stem- 
like ill so many respects (traclieid caliber, extensive late wood, arrangement 
ot pits in the walls of the tracheids, and height of the rays), the ray 
tracheids not only have not taken part in this development of a stem-like 
wood, blit, ill some roots at least, have deviated in the opposite direction. 
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Ray traelieids were, in most of t'lie speeiniens examined, sli^'litly Jess iiiiiiier- 
oiis tlian ill latera'i .roots of similar size, and were marked.Iy less nnrneroiis 
tlniii ill eom]:)ara’l)].e branch or stem wooc.l. 

In figure 17 a/re illustrated tJie dilferent types of ra\' cells obsei.wed in 
the roots of LariX' hirieina. The ray parenchyma cells ti'pically have thick- 
ened, ligiiified walls with simple pits. Between the pits are wall thickenings 
which sometimes have a knob-like appearance when viewed in radial sections 
(fig. 17, B, D, K). Oeeasionally these thickenings are mueli reduced, espe- 
cially on the end or vertical walls (F). The protoplasm in the parenchyma 
cells usually persists for several years, but sometimes disintegrates early 
so that the cells appear em}ity (K) or contain crystals (D). The walls of 
the empty or crystal-containing cells may be very thin. The ray tracheids 
are devoid of protoplasm and have walls perforated by bordered pits (A 
and E). Some of the cells have vertical processes (G), and others, especially 
those near the origins of rays, are vertically elongated (H and J). The latter 
may have few pits, and these frequently are smaller (H) than in the more 
typical ray tracheids. Outlines of cells, known as ghosts, are occasionally to 
be seen near the points of ray origin or in the marginal rows of old rays 
(I). Sometimes the outline is a little more definite and small areas resem- 
bling pits can be recognized (C). 

Although all the varied kinds of ray cell described above can sometimes 
be found in a single radial section, most of the ray cells are like types A 
and B. The other types occur rarely, but when present are usually to be 
found in new rays one or two cells high or in the marginal rows of tlie older, 
higher rays. The ray cells of Tsuga and Picecv in general resemble tliose of 
Larix, though some minor differences were noted. For instance, the thinning 
of the end walls of ray parenchyma cells, sho-wn in figure 17, F, was not 
observed in the roots of Tsuga or Picea. The ray cells of Thuja on the one 
liand and of Pinus on the other differ from those of Larix in some essential 
details which have been described or illustrated in otlier articles (Bailey and 
Paiill 1933 pBannan 1934). 

Certain features of the ray tissue are useful for diffeinnitiating conifer- 
ous woods. For instance, Bailey and Pauli (1933) lia.ve (leinonstrated that 
the wall structure of the i*ay parenchyma cells distinguishes most Abietiueae 
from the other conifers. Other features, however, such as the oeciirrence and 
proportions of the different types of ray cells are inconstant. Differences 
between genera or groups of genera observed in the majority of specimens, 
and which might accordingly be considered distinctive, sometimes disappear 
in other specimens or in certain parts of the tree. 

On the basis of the ray cells in stem or branch wood the Abietiueae may 
be divided into four rather ill-defined groups. In \Psettdolarix^ Keteleeria^ 
m^AMeSy'Wh'kh may be considered as 'constituting one group, the rays are 
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iiicide up of varied proportions of the following types of cells: orcliiiary ray 
pareiichynia, pareneiiyma cells with, typical wall structure but devoid of 
.coiiteiit, gliosts, and very thin-walled cells with or witlioiit crystals. In mate- 
rial exaniined by tlie writer the differences between these three genera 
appeared to be quantitative rather than qualitative. Ghosts and erystal- 
coiitaining cells were least numerous in Pseudolarix and most frequent in 
some species of Ahies, but differences between individuals, parts of the tree, 
and possibly between species, especially of Abies, were such that it seemed 
doubtful if the woods of these conifers could be positively distinguished by 
their ra^'s. Hay tracheids occur rarely in Abies but are too sporadic to have 
any diagnostic, value. Gedriis resembles the foregoing in the presence of 
ghosts and crystal-containing cells, but differs in the general occurrence of 
i‘ay tracheids. Tsuga, Larix, Picea, and Pseudotsuga constitute a third group 
of Abietiiieae in which ray tracheids are generally numerous, and ghosts, 
thin-walled cells, and similar types are relatively rare. Here again, ho’wever, 
the pi‘oporti()ns of ray tracheids and parenchyma cells vary so greatly that 
tliis feature of the ray tissue does not provide a means of differentiating 
the w’oods of these four genera. In the genus Pinus some species have rays 
resembling those in Picea, while in other species ray tracheids are more 
numerous, the walls are further elaborated, and the ray parenchyma cells 
are also different. 

The differences described above for stem or branch wood do not neces- 
sarily apply to root wood. For example, ray tracheids, although abundant 
in mature stem wood of Picea, are sometimes lacking in root wood. The 
problem of identification of the fossil woods is further complicated by the 
fact that the proportions of the various types of ray cells sometimes dif- 
i*ered materially from those obtaining in their nearest living relatives. Bay 
tracheids are unreported in most fossil gymnosperm woods. These cells were 
-observed by Arnold (1930) in certain species of Callixylon, Mid some 
traclieary cells of peculiar type have been described by Andrews (1940) 
for Lyginopteris, hut generally the rays seemed to have been parenchy- 
matous. Even in some of the Cretaceous pines ray tracheids occurred rarely 
or were lacking, Tliese cells were not found in Piiyoxylon foUosum and P. 
(momxilmn (Holden 1913), or in Pityoxylon statenense and P. sciiiiatense 
(Jeffrey and Chrysler 1906). In Pityoxylon scitiiate^isi^^ (Bailey 1911) 
ray tracheids did not appear in the first 10-15 years’ growth and w^ere 

poorly developed in the subsequent wood. 

In some fossil woods cells have been observed which, it was said, resem- 
bled or suggested ray tracheids but could not be positively identified as 
such. These indefinite cells have been reported in Protopiceoxylon by Seward 
(1919) and Read (1932). Slopes (1915) has illustrated for Pityoxylon Pen- 
.stedi nnd Bewardlfdiy: .cells.'.with" simple' pits in.'one'; wall and, what were^ 
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descj-ibed. as bordered pits in otlier walls. These cells were coiisidei-ed to l)e 
ray traclieids, but if ceiJs have such mixtures of pits they obvioiisb^ a.re not 
typical ra,y traclieids. Holden (1913), describing* a Hretac.eons PifryoxylorK 
noted cells along, the margi.ns of rays which were irregular in shape and 
destitute of resinous (a)ntejit. She stated that at first siglit thes(‘ (-ells 
appeared to be ray traclieids, but was careful to point out that tlie iinlior- 
dered cliaracter of tlie pits negatived that possibility. 

Irregular outlines, lack of content, and marginal position in the ra>' do 
not suffice to identify cells as raA^ traclieids. Tliese characters are also (*ono 
iiioii to eertain pareiicliyma, thin-walled cells, ghosts, and othei- types wiricli 
occur in varying proportions in tlie secondary xylem of living Abietineae. 
Only the presence of bordered pits exclusively can be (considered an infalli- 
ble critei'ion for establishing cells as ray tracheids. In radial sections tliis 
involves distinguishing between lialf-bordered pit-pairs, such as ot'cnir 
between tracheids and i‘ay parenchyma cells in most Abietineae, and the 
full-bordered pit-pairs fouinl between tracheids and laiy traclieids. Since^ 
empty, irregularly shaped parencliyma cells, thin-walled cells, and other 
types occur in large iriimbers in certain living Abietineae, and are present 
to some degree in most genera, their occurrence is to be expected in fossils 
of Abietinean. affinity. Possibly some of the indefinite cells i*eported in tlie 
literature are of these types. 



SUMMARY 

A study was made of the secondary xylem in roots of native conifers to 
determine the range of struetural variability within the species. Material 
waS' collected from varied habitats and.fronr different .parts of tlnr root sys- 
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teuis. The eonifers i lives tig'ated were the local species of Thuja, Tsuga, 
Abies, Larix, Picea^ and Pinits. 

A fine-textured, steiu-like wood was found in the roots of small trees, 
iu the upper side of buttress roots of mature trees, about the periphery of 
the larg'est lateral roots, in roots exposed by soil erosion, and in vertical 
roots deep in tiie soil. An open wood with large early- wood tracheids and 
little development of late wood was observed in the first one or two centi- 
meters of growth in the distal parts of lateral roots located in the top few 
inches of soil (see fig. 18). 

The diameter of the tracheids varied greatly in different parts of the 
root system, the greatest range being noted in Larix, the least in Thuja. No 
consistent relationship w^as discovered between tracheid size and soil 
moisture. 

The pitting in the radial walls of the tracheids varied from opposite to 
alternate, the latter arrangement occurring most frequently in the inner 
wood of lateral roots of Tsnga, Larix, and Picea. Alternate pits were less 
abundant in Thuja and Pi^ms. 

Vertical parenchyma cells were of erratic distribution in most of the 
genera studied. No trends were observed in different parts of the root 
systems. 

The distribution of resin ducts was exceedingly variable. Ducts were 
most numerous in injured material, fewest in apparently iinhanned speci- 
men s, for instance certain vertical roots penetratiiig deep into uniform 
sand. In such roots (Picca glauca, fig. 18) resin duets were nsnally scarce, 
large areas of the wood possessing neither vertical nor horizontal ducts. 

The height and distribution of rays varied greatly, both in different 
jiarts of the root systems and in different conifers. In general, the rays 
-were highest and least numerons in the distal parts of lateral roots and 
lowest iu vertii'al roots. Tlie range of variation wuthin the root system of a 
single tree was greatest in certain Abietineae, least in Thuja. 

The proportions of the various kinds of ray cells (tracheids, paren- 
chyma, and otlier types) varied througliout the root system and from one 
genus to another. The greatest variability was observed iu Picca and the 
luast in Thuja. 

Because of tliis great variability in wood structure it is clear that ana- 
tomical studies must be based upon wide selections of material if they are 
to have taxonomic value. 

The writer wishes to express his thanks to Professor E. B. Thomson for 
his interest in the work, and to Dr. D, H. Hamly for generous assistance 
with the,photomicrographs.' 

DEPARTMENT' OF Botany, IJniversitv :oF 'T oronto' 

' Toronto, Ontario '' ' 
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RAPID IDENTIFICATION OF THE MONTANE- 
SUBALPINE ZONE BOUNDARY^ 

Ronald L. Ives 
(with one figure) 

III various jiarts of the Rocky Moiiiitaiiis, extreme difficulty has been 
experienced in iiiakiiig* rapid, but reasonably accurate, differentiation 
between the montane and siibalx^ine veg'etative zones, which, in these areas, 
interg‘rade like the various minerals in a complex isomorphoiis series. This 
difficult^' is fiudher increased by the extreme irregularity of the zone of 
transition, a result of great local variations in water supply, teini3erature, 
soil, and effective solar radiation. 

Wliere topographic relief is from slight to moderate, and soil and climatic 
conditions are reasonably uniform, zonal boundaries may be determined at 
a very few points, with any accuracy desired, and these findings extrapolated 
for considerable distances without introducing appreciable errors. Zonal 
definitions based solely on altitude are reasonably accurate in such areas. 








196 


BULLETIN OF THE TORRE Y CLUB 


[ VOL. l‘>8 


-Vltitiicle raii.a-es of tlie various life zones in Eoeky Mountain National Park, 
Colorado, are stated by Ashton (1, pp. 6-13). 

Studies in the iip])er valley of the Colorado lliver (fig. 1), and in adja- 
cent parts of tlie Front and Never-Suniiiier Ranges, showed that extrapola- 
tions of more than a few thousand feet were hopelessly inaeeiirate in many 
areas. Complicating the biotic relations in this structurally and strati- 
grapliieally complex region are extreme loeal variations in climate, due in 
part at least to topographically-controlled eoiiveetions (2) in the deep val- 
leys eaiu'ed into the mountain flanks during repeated Pleistocene glaciations- 

Studies of plant suecessions in this area disclose that wherever montane 
forest cover lias been removed, whether by lumbering, fire, avalanclie oi' 
solifliietion, the replacement growth is aspen {Populm tremulokles) ; and 
that where siibalpine forest has been destroyed, replacement growth is 
limber pine (Pin us flexilis) in windswept areas, and predominantly lodge- 
pole pine {Pinns contorfa) where shelter is adequate. Montane and sub- 
alpine replacement growdhs tend to be nuitually exclusive during the first 
few decades of reforestation, so that the dividing ^dine” bet^veen zones is 
relatively sliarp. 

Field investigations siiow^ that the transition from aspen to evergreen, as 
replacement growdh, falls wdthin the ^‘zone of uncertainty^’ between the 
montane and siibalpine zones. From these data, the following zone-identifi- 
cation criteria may be stated : 

1. If replacement growdh is wholly evergreen, the area is in the siibalpine 
zone. 

2. If replacement growdh is predominantly aspen (80% or more), the 
area is in the montane zone. 

3. Ill ail area of considerable relief, where natural reforestation is in 
progress, and where the replacement growdh is predominantly aspen at low’ 
elevations and wdiolly evergreen higher up, the transition from aspen to 
evergreen indicates the boundary betw’een niontane and subal])ine forest. 

4. AYhere replacement growdh is mixed, wdtli aspen not predominating, 
the area is in the niontane zone, but the upper limit of aspen growdli does 
not necessarily indicate the interzonal boundary, and may be far below^ it. 
This coiiditioii is coinmon wdiere reforestation is approaching completion, 
or where solifliietion is in progress. 

Ratlier obviously, these criteria may be applied rapidly, for aspen and 
evergreen growdhs are easily distinguished, even at a distance, either 
visually, or by use of infra-red photography (3). Areas undergoing refores- 
tation can usually be identified wdthoiit difficulty. Growdhs that are uiide- 
niably of the replacement type can be found in avalanche scars, which are 
most numerous on valley w^alls in the very localities wdiere it is most difficult 
to distiiignisli between niontane and subalpine forest by the usual methods, 
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and where extrapola,ti(,.ais from a few carefii'lly-determiiied points te,iid to be 
least acenrate. 

Tliese criteria appear sufficiently accurate for use in all but highly 
detailed studies in the Colorado Front Range area between latitudes 39^ 
and 41°, and seem applicable southward to at least latitude 36°, as indimited 
b,y rough reconnaissances. Altliongh they will probably be useful in niaiiy 
other parts of North America, eitlier as stated, or with slight modifications, 
these criteria should not be depended upon, at any great distance from the 
Colorado Headwaters area, until they have been carefully cheeked, and their 
validity, for the area under consideration, definitely shown. 

Boulder, Colorado 
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CONTRIBUTIONS TO THE BIOLOGY OF POLYPORUS 

RHEADES (PERS.) FRIES 

H. E. Bailey 
(with two figures) 

Poly par ii,s rheades (Pers.) Pries is a eoimiiou fungTis in California, 
eaiising a clestiTietive wliite-piped rot of oakd The fungus is particularly 
c-onimon in the vicinity of Mount Diablo, Contra Costa County, California, 
where sporophores were found on several species of oak. Quercus Wislizeni} 
A. DC., Quercus lobafa Nee, and Quercus Doiujlasri H. & A. were those 
most severely attacked. Cross sections through the trunks showed most of 
those whieh were from three to four feet in diameter badly decayed, as well 
as inaiiy of the smaller ones (fig. 1). 


Fig. 1. Cross and longitudinal sections of a portion of a rotted trunk of Quercus 
agri folia sbowing the typical mottled rot caused by Foliiporns lUicades. 

Sporophore formation occurs during the fall, usually^ between the inoiiths 
of September and November. The scarcity of sporophores at other seasons 
of the year may perhaps be explained by the fact that they- are ecirly^ at- 
tacked byr insects. In the Mount Diablo region the fruiting bodies are disin- 

1 Hedgecoek, Ct. Ct., and Long, W. H., Heart-rot of Oak caused by Polyporus drij- 
Berk. Jour. Agr. Bes. 3: 65-80.1914. 

19S , 
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teg-rated by a particular insect. Tinea defedella Zell, the larvae of wliieli 
bore through the sporophore and honeycomb it with cliamiels. 

fSporiilatioii in iiatiire may be very abundant. In one iiistaiiee it was 
noted tliat a deposit of spores 3-4 millimeters thick had collected iiiider a 
sporopliore which had grown in such a manner as to form a protetdive 
]) 0 (dvet between the piore surface of the sporophore and the bark of tlie tree. 
Freshly eolleeted sporophores brought into the laboratory were very sensi- 
tive to changes in orientation and, in spite of precautions taken during 
transit from the field to the laboratory, the pore surface soon became cov- 
ered with a new growth of myeelimn. Shallow pores oecasioiialiy developed 
vhen these sporophores were kept under a bell jar, but sporulation never 
occurred from the newly formed pores. Sporophores produced in eiiltiire 
(mst spores abundantly, some for a period of 30 days. The spores shed dur- 
ing this period in one culture weighed over 100 mg. (air dry weight). 

Germination of the spores was erratic and the pereentage low. Spores 
obtained from spore ti’aps, spores shed directly onto the agar substratum, 
and spores produced from sporophores in culture vrere used in tlie germina- 
tion tests. No germination oeeurred when the following substrata were used : 
plain 2 per cent agar, corn meal agar, malt extract agar, agar with 1 per 
cent phosphoric acid, or 1 per cent lactic acid, LeoniaiFs agar, and oak 
aga.r. Spore germination was obtained, however, in a malt extract medium 
ill which the mycelium had previously been growing. Drops of the filtered, 
sterilized medium were iilaeed upon tlie lid of a Petri dish with sterile 
water in the bottom to keep the humidity high. These drops were then 
inoculated from a spore suspension. Examination showed about 15 per cent 
of the spores germinated. 

In order to study the changes occurring in wood during the processes 
of decay, ciiemical analyses were made of samples taken from wood blocks 
which liad been exposed to the fungus and which bad lost 22.5 per cent, 
29.7 per cent and 44.7 per cent in weight during snecessiveiy longer periods 
of exposure to the fiiugus. The wood blocks were prepared as follows: a 
seasoned section of trunk of Querciis agrifolia nine inches in diameter was 
saAved into pieces one inch square and three inches long. These were soaked 
in water for one hour at reduced air pressure and then sterilized in an 
Arnold steam sterilizer on three successive days for a period of a lialf hour 
each. The blocks Avere then remoA^ed from the eontainers and placed on 
glass slides ill previously prepared eiiltiire dishes in whieh a heavy iiiat of 
myeelium had been allowed to develop. In the preparation of these dishes 
a 2 per eeiit malt extract agar Avas inoculated with sporophore tissue. 

The cultiire dishes contaiiiiiig ti^^^ blocks of Avood were kept in a hiiinid 
cbainber;at"25'^,'€.\Coloruhanges caused by^the action of 'the fungus.on the 
AVOod were 'early. noticeable. 'The wood ^ became progressively 'lighter iiivcolor 
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and, in. tlie most advanced stag-es, liad a bleached appearance, v'itli thin, 
dark, zone lines running irregularly through it (fig. 2). The rotted wood 



Fig. 2. Sporopkore of Folypof us ElieadeH developed on wood block in culture. The 
dark zone lines in the wood are characteristic. 


appeared stringy, was soft and spongy, and could easily be torn apart 
with the fingers. 

Samples of decaying wood were taken at various intervals din-iiig tlie 
exposure to the fungus, their loss in weight determined, and the eomponeuts 
analyzed and compared with those of sound wood (table 1). Analyses Avere 

TABUE 1 

Cheinical analy.si.s of xoiind and deeayed wood of Qncrenn agr'ifolla and tlsj^ne of Poly- 
p.orus Eheades. 



! 

Wood decayed in culture 

Sound 

wood 

Wood 

decayed 

in 

nature 

Myeeli.uni 

i 

SporO" 

phore 

context 

Loss ill iveiglit 
a >0 Boi i 

1' 22.5% 
9.22 

29.74% 

9.09 

44.7% 

6.77 

15.65 

54.9% 

4.33 

17.52' ■ 

13.85 

Aie. Ben. Sol. 

1 1.39 

1.29 

1.04 

4.81 

1.62 

9.69 

3.45 

Cellulose 

50.37 

42.15 

35.28 

52.3 

24.48 

69.0 ' 

39.8 

Lignin 

i 10.81 

6.46 

6.90 

20.8 

■ 15.42. i 

55.0 

60.8 

Pentosans 

15.50 

14.50 

12.0 

22.6 

7.53 

■ 2.37 

0 . 77.7 

Ash ;.... 

I 0.S68 

0.95 

1.12 i 

2,34 

0.889 : 

0.945 

.0,217 
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also made of fimg-ous tissue both from sporophores obtained in the field and 
troiii niveeliiim oji '^vood blocks. Comparing- the iitilization of wood 

eomponeiits by the fungus, we see that there is a |)rogressiTeiy greater 
Iitilization of each of these in, samples taken at sTie<‘essive iiiterYals. The 
values obtained for the sporophore context and the inyc-eliuni d lifer appre- 
ciably from those obtained for wood. 

Berkeley 

California 
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CHROMOSOME BEHAVIOR AT MEIOSIS IN 
TRIPLOID TRADESCANTIA HYBRIDS 

Norman Giles 
(with twelite figures) 

INTRODUCTION 

A recent study of the chromosomes at the first post-meiotie mitosis in 
the niierospores of diploid species of Tradescantia L. has demonstrated the 
rather frequent occurrence, especially in hybrids, of spontaneous chromosome 
ehang’es (Giles 1940). A similar examination of the chromosomes of triploid 
Tradescantia hybrids has shown the same types of post-nieiotic changes* 
It has also been fouifd that other types of aberrations, resulting from meiotie 
irregularities, occur at the pollen grain mitosis. To aid in interpreting and 
distinguishing these two classes of aberrations, a study has been made of 
chromosome behavior at meiosis. The actual types of aberrations revealed 
at the first post-meiotie mitosis will be described and discussed in the second 
part of this study (Giles 1941). The present observations at meiosis have 
also provided material for an analysis of the comparative amounts of 
structural hybridity of the eliroinosonies in the diploid and tetraploid 
parents and in the triploid liybrids between them, and this paper deals in 
large part with a discussion of this subject. Since it has recently been shown 
that heterozygous inversions may occur with considerable frequency in 
species oi Tradescantia (Sax 1937; Darlington 1937a; Swanson 1940), 
paTticular attention has been paid to evidence for inversion hybridity. 

MATERIALS AND METHODS 

The triploid plants used in this inve’stigation were the result of a cross 
between a diploid Tradescantia paluclosa Anders, and AYoods. as female, 
and a tetraploid T. canal as male parent. The T. paludma 
was originally obtained by Dr. Edgar Anderson at Gentilly, Louisiana, 
some years ago, and a clone from this material is maintained at the Harvard 
Biological Laboratories. The^T. caaialwtilata was colleetedhy.the. writer near, 
Atlanta, Georgia, in the spring of 1938. The two parents are quite typical of 
their respective ''Species, ,■ and show'.no'''''.evidence of :,having hybrid,ized ''witL 
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other species iii the field. In tlieii* external eharaeteristics tlie Irybrids ^‘ive 
aliiiost no indication of being* intermediate between the two parents. It is 
true that the parental species do not differ g‘reatl>^ to begin witli, but even 
of those eliaraeters in whieli they are different, siicdi as tlie distribiitioii ot 
stomata, shape and size of bracts and leaves, general habit ot plant, and 
liairiness of leaves (particularly the lower leaf sheaths, and entire young 
leaves), the hybrids tend to exhibit almost all tlie characters of T. caiialic- 
iilata. Tliis is very 23 robably due to the iiresence in the Irvbrids of tAvo sets 
of genes from T. canalicidata and only one from T. paludosa. It is interesting 
to note that hybridization under natural conditions iiiA'clving these two 
species and T. Bush, with the occasional production of triploids, 

has been reported recently by Riley (1939). 

Iii the cAdological study of the plants, aceto-earmine smears of ineiosis 
AAnre used. 

CHROMOSOME BEHAVIOR AT MEIOSIS 

A eomparative study has been made of ehromosonie behavior at meiosis 
in the three types of plants studied, wuth particular emphasis on the various 
types of aberrations due to structural hybridity. Of these, inversion 
bridges are by far the commonest, and their frequencies in the parental 
types and the hybrids were found to differ considerably. The types of 
chromosomal configurations in the three groups and their relation to ehiasma 
frequency and inversion bridge frequency have also been considered. 

Pairing Relations and Chromosome Distribution. Meiosis in the diploid 
T. paludosa is vei’y regular. The only irregularity in pairing* noted aaus 
the occurrence of 4.3 per cent univalents at metaphase. Despite the pres- 
ence of a certain number of nnivaleiits, chromosome distribution is very 
regular, for in 128 cells scored only 6-6 distributions were noted. Also 
in the same ceils no lagging chromosomes were noted (table 1). The cbiasma 
frequencA’ is fairly high, 2.4 per bivalent, of which one-third are inter- 
stitial 

Meiosis ill autotetraploid tradeseantias is characterized by the oeeurrence 
of qiiadrivalents and trivalents as Avell as bivalents and univalents. In 
the plant of T. canalimlata. studied, the frequency of quadrivalents Avas 
2.7 per cell and of bmdents, 5.1 per cell (table 1). This is somewhat lower 
than usual, for in most tetraploid tradeseantias studied the frequency of 
quadrivalents per cell has been at least three (Darlington 1929 j Anderson 
and Sax 1936). This lower percentage of quadrivalents may be due to the 
someAvhat lower ehiasma frequency, 0.7 per chromosome, as compared with 
0.8 and 0.9 for plants with more quadrivalents. The increased |3ercentage 
of bivalents may mean that the chromosome complement was derived from 
two gametes cpiite unlike in the structure of their chromosomes. If the 
resemblances as to pairing properties of chromosomes Avere closer Avithin 
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each set than between the two sets, we should expect a higher proportion of 
bivalents. That a situation with similar results may indeed arise lias been 
shown recently by Skirm (1940). He found that doubling' the ehroiiiosome 
niiniber of a hybrid Tradescantia resulted in a tetraploid witli an extreiiie].v 
loic frequency of quadrivalents. Here the four eliroinosoiiies sets present 
existed as two identical sets which apparently differed sufficiently from one 
another to condition synapsis almost exclusively as bivalents. In distribu- 
tion the chiasmata studied in the iiresent jilant agreed with fiiidiiigs for 
other autotetraploid tradescantias in being* almost all (99.3 per cent) 
teriiiinaL The distribution of chromosomes was rather irregular because of 
variations in quadrivalent and trivalent orientation and the random pas- 
sage of univalents to the poles. Also the amount of lagging was rather 
high. Of 263 cells counted, lagging chromosomes were present in 58, or 22.1 
per cent. 

Meiosis in the triploid hybrids was niiieli more irregular than in either 
of the two parental plants. Five plants were studied in detail and the data 
(averages) on chiasma frequency and types of eoiifigurations in these are 


TxVBLE 1 

JPairing configui'ations and chiasma frequencies in diploid T, paliutosa, tetraploid 
T. eatiaUcnlata, and triploid hybrids. 


Plant 

Num- 

ber 

of 

cells 

I 

II 

III 

IV 

(Also 

YkTL 

in 

3n ’s) 

7 con- 
figur- 
ations 
in one 
cell 
(3n) 

Total 

Xta 

^ Xta. 
per 

ebroino- 

sonie 

Ter- 

minal 

xta 

per 

cent 

Inter- 

stitial 

Xta 

per 

cent 

T. paludosa 

30 1 8 

176 



...... 

440 




(2u) 

per 

cell: 

.27 

5.87 




14.7 

1.2 

66.4 

33.6 

T. eanalicu- 
lata 

85 

97 

435 

47 

233 

! 

i 

1 ! 

; 1532 

.75 ■ ! 

99.3 1 


(4ii) ^ 

per 

cell: 1.1 

5.1 

,5 

; 2.7 


1 ■ ' 

1 18.0 



3n hybrids 

307 

678 

712 

1104 

26 

13 

i 4053 




( averages 
for 5 
plants) 

per 
cell : 

2.2 

2.3 

3.6 



j 13.1 

.73 i 

,90.1 

1 

i ,9.9 

1 


presented in table 1. The plants did not vary mueh in the relative number 
of univalents, bivalents, and trivalents per cell, or in their chiasina fre- 
quency. The average number of trivalents for the five was 3.6 per cell. 
This is considerably less than that found in an autotriploid plant of T. 
bracteada Smsllwiih a frequency of 4.64 (Sax 1937) , and is evidently related 
to the'hybrid nature of these;plants, since Ihey have. two.,sets,of„ r. eamlic- 
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nlata eliroiiiosoiiies and oiilr one of T. paludom. Tliat all the eliromosomes 
are largely lioinologoiis is >sbown by the observation of a number of cells 
Avith six trivaleiits (fig. 1). 

Of particular ijiterest in obtaining an estimate of the amount and nature 
of stnietiiral hAd}ridity in these plants are the observations on iiiiusiial 
pairing configurations at inetapbase. Such configurations Avere eiieoiintered 
only in the triploids, but this is to be expected as a result of the modified 
method of pairing due to the presence of an extra set of chromosomes, as well 
as to their hybrid origin. Failure to observe them in the diploid and tetra- 
ploid does not prove the absence of the types of hybridity which they indi- 
(Uite. The observed configurations indicate the presence of translocations 
betAveen, or diiplications in, nondiomologoiis chromosomes, and duplica- 
tion in dilfereiit arms of the same chromosome. It is not possible in these 
plants to distinguish between translocations and duplications since the 
observed configurations might residt from either condition. The ty])es of 
synapsis which indicate translocations and duplication are niultivalents 
and a total of more than six distinct configurations in one cell (fig. 2). 
The majority of the niultivalents are quadrivalents (fig. 3), but occasional 
associations of five and six chromosomes have been, observed. The presence 
of more than six configurations in a cell indicates intra-liaploid pairing and 
shows that hoinologous segments are present in non-homologoiis chromo- 
somes. These tAvo types of irregularties in pairing have been observed in 
approximately 12.5 per cent of the sporoeytes examined. The evidence for 

Explanation of figures 1-12 

Configurations ol>served at raetaplmse and anapliase of nieiosis in the triploid 
liy))rids. x 660. Fig. 1. Cell containing six trivalents at nietapliase. Fig. 2. Metapliase 
with seven paired configurations, indicating iiitra-iiaploid pairing; two univalents also 
present. Fig. 3- Quadrivalent pairing at metaphase (lower left). Fig. 4. Metaphase 
showing ring of three with interstitial ehiasina (left center), indicating duplicated seg- 
nients in differing arms of the same chromosome. Fig. 5. Four inversion bridges in the 
same cell at anaphase I. Centric and acentric fragments present. Fig. 6. Bivalent with 
inversion bridge in each arm (to left) ; small acentric fragments out of focus. Also 
single bridge and acentric fragment to right. Fig. 7. Two bridges connecting all three 
chromosomes of a trivalent at anaphase. One acentric fragment in middle of cell at 
right; two centric fragments at opposite iroles to left. Fig. 8. At left center, univalent 
bridge resulting from precocious division of centromere at anaphase I; acentric frag- 
nient out of focus directly above bridge. Also single bridge at right center^ and dividing 
univalent at left. Fig. 9. At lower right, loop chromatid and acentric fragment result- 
ing from single crossing-over within an inversion. Precocious division of the centromere 
of such a chromosome would gwe a univalent bridge as seen in figure 8. FlQ. 10! Three 
inversion bridges having acentric fragments (indicated by arroAvs) all of different 
lengths. The small one on the right is apparently attached to the end of a free arm. 
Three eentrie fragments are also present. Fig. 11. Single bridge in cell at right at ana- 
phase II, resulting from a loop chromatid at aiiax>hase I as seen in fig. 9, The acentric 
fragment present in the spindle was evidently ineluded in the nucleus at anaphase I. 
Fig. 12. Bridge and acentric fragment resulting from inversion erossing-OAxw in one of 
the small eentrie chromosomes often present in 
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diii:)iii‘a.ti()iis in different arms of the same elironiosome is obtained from tlie 
oeeasioiial obsein'atioii of eonfigiiratioiis typical of secondary trisoiiiies (Bell- 
ing* 1927 ) . Two of these which were noted oeeasionally are rings of three and 
iiiiiYaleiits paired hack on themselves. In the rings of three, one chiasnia was 
usually interstitial, indicating the probable interstitial position of the diipli- 
eated segment (fig. 4). These two eonffgurations are quite rare, and have 
been found in only about 2.5 per cent of the cells exarnined. 

The comparative rarity of these unusual configurations shows that the 
structural eliaiiges which they indicate are relatively feW' and probably quite 
smalL It is only the presence of unpaired regions as a result of the extra set 
in the triploid that permits detection of them. The resulting configurations 
are of interest in an interpretation of some of the aberrations noted at the 
mierospore division, which will be discussed in the second part of this study 
(op. cit.). 

Chromosome distribution at first anaphase in the triploids was quite 
irregular, as is indicated by a stud}^ of 158 cells (in two different plants) of 
which 107 (67.7 per cent) contained lagging chromosomes. Precocious 
division of iinivaleiits occurred commonly, but no misdivision of the cen- 
tromere, as observed by Upeott (1937a) in Tullpa L. and Darlington (1939, 
1940) in Fritillaria L., wms noted. 

Centric fragment chromosomes 'were present in all the triploids, the 
diploid, and the tetraploid. Particularly in the triploids, they were observed 
to pair with the larger chromosomes, indicating their homology with 
certain of these, 

HeUrozygous Inversions. The frequency, types, and behavior of inver- 
sion bridges at both anaphases I and II w^ere studied in the twm parental 
forms and in six of the Fi hybrids. The data are presented in tables 2 and 3. 
Ill the diploid only single bridges w’ere noted at A I (in 5.7 per cent of the 
cells). About half of the dicentric chromatids are without visible acentric 
fragments, as has been noted before for inversion bridges in Tradeseantia. 
Most of the visible fragments are approximately splierieal ; that is, they are 
about as long as the w'idth of a meiotie chromosome arm. However, occasional 
smaller or larger fragments are noted, indicating the presence of more tlian 
one inversion. Since all centromeres are approximately median, individual 
chromosomes cannot be distinguished, and it is impossible to determine 
w4iether the different inversions are in the same or in different chroniosoiiies. 
The latter is quite probably the case, since, although the chiasma frequency 
is high, 110 double bridges involving either one or both arms of a single chro- 
mosome have been observed. In the tetraploid the frequency of bridges on a 
cell basis wns 18.5 per cent. Six cells of 281, or 2.1 per cent, had bridges in 
tw^o different chromosomes. Here again appi'oximately half the bridges were 
wdthout fragments. In those cells wdiere fragments w^ere present these w^ere 
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TABLE 2 

idges at aiuipltaiie I of mciosis iti diploitt, tdraptoid, uitd tJ'i ploids. 


Xuinl)er of colls ivitli dift'ereiit iiuin- i Total 


Plant 

Nuinlier 
of cells 

tiers of bridges & 

percentage 

niimlier 

Per cent 
bridges 


0 

1 

2 

3 4 

of 

bridges 

T. paludosa 
(2n) 

335 

316 

94.3 

19 

5./ 


, 

19 

5.7 

T. eanalicit- 
lata 

(in) 

281 

235 

83.6 

40 

14.3 

6 

2.1 


52 

18.5 

3 11 li^iirids 
(average per 
cent for 6 
plants) 

1015 

646 
64.7 i 

i 

1 i 

1 

1 308 

1 30.8 

52 

3.65 

^ 8 , 1 
.73 .15 

492 

1 

i 40.9 


TABLE 3 

Bridges at anaphase II of meiosis in diploid, tetraploid, and triploids. 


Plant 

Number of 
cells (not 
tetrads) 

Number of cells with different 
numbers of bridges & 
percentages 

Total 

number of 
bridges 

Per cent 
bridges 


0 

1 i 2 

3 


T. patudosa 

(2ii) 

194 

190 

97.9 

4 ^ 

2.1 


4 

2.1' 

1 

T. canalicu- 
lata 
(4ii) 

300 

290 

96.7 

9 1 

3.0 .35 



i 11 

1 ■ 

3.7 

3 11 hybrids 
(average per 
cent for 6 
plants) 

1494 : 

1368 

91.1 

120 ’ 6 

8.5 i .4 

■ 


1 , 132 

9.3 

i 


almost all small, only one as long as the tvidth of a chromosome arm being 
noted. This seems to indicate that most of the invei'sions (at least those in 
which crossing-over occui’s) are close to the ends of the arms. The frequency 
of bridges observed is much higher than any hitherto recorded in tetraploid 
tradeseantias. Darlington (1937a) states, ivithout giving specific examples 
or figures, that bridges occur in less than one per cent of the cells of tetra- 
ploid tradeseantias and are less frequent than in diploids. It is possible that 
the higher percentage found in the present plant may be related to the 
higher frequency of bivalent pairing, although it seems more likely that such 
pairing would reduce the bridge frequency since regular pairing in small 
inversions would presumably not be facilitated. Bridges at anaphase II 
were noted in 3.7 per cent of the cells studied (7.4 per cent of the tetrads). 

The frequency of bridges in six plants of the hybrid triploid population 
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varied soiriewliat. Ilowevei*, the plants Avere all alike in having- a consider- 
ably greater frequency of bridges per cell than either of the parents. Tlie 
higher frequency liolds for both first and second anaphase, and is reflected 
ill tlie mueli greater percentage of cells Avith more than one bridge. As niaiiA’- 
as four bridges in clitferent chromosomes Avere observed in a single cell 
(fig. 5). Certain configurations also shoAV that tAvo inversions may be present 
ill the same homologous chromosome. These may be in the same arm or in 
difierent arms. If crossing-over occurs in tAVO heterozygous inversions located 
in opposite arms of a paired bivalent, the configuration shown in figure 6 
Avili result. Similar behavior involving a trivalent instead of a bivalent 
results in a Y-shaped association (fig. 7). Tlie latter type has been observed 
seA'eral times. AVheii two separate inversions are located in the same arm, 
complementary crossing-OA^er in both of these results in une(|iial bridges Avith 
tAvo acentric fragments of different lengths. Sucli a figure has been obsemnHl 
only once. The other possible types resulting from reciprocal and disparate 
crossing-over in the two iiiA^ersions — respectively a single bridge iilus an 
acentric ring and acentric fragment, and a single bridge and acentric frag- 
ment plus a very long free chromatid arm — ^have not been noted. These same 
types could also be produced by crossing-over in OA^erlapping inversions (cf. 
SAvansoii 1940). One cell Avith tAvo bridges of equal length in the same arm 
and ecpial acentrie fragments Avas found. This condition is due to double 
crossing-oA^er within a single inversion. The rarity of sueli configurations is 
due both to the Ioav ehiasma frequency in the triploids and the probable 
short length of most of the inversions. The frequency of bridges at anaphase 
II in the triploids is also rather Amriable and shows no eonstant relation in 
individual plants to the frequency at first anaphase. As lias been pointed out 
by IJpcott (19371)) this is due to the pecnliar cliromosouie behavior of tri- 
ploids. Of tlie four factors cited iii her paper as importaiit in triploid tuli];)S, 
tAvo seem to ])e of particular import in triploid tradeseantias : iion-disjunc- 
tion, and precocious division, of univalents. The passage of both centromeres 
of a dicentric cliromatid to tlie same pole at first anaphase may give rise to a 
bridge at the second division, or if the separation is parallel the dicentric 
Avill be recovered in the mierospore. Of the total of 430 dicentric bridges 
observed in the five triploids studied, 30 (7.0 per cent) Avere passing to tlie 
same pole. The preeoeions splitting of unoriented univalents Avhieh have 
undergone inversion crossing-over results in the occurrenee of univalent 
bridges (fig. 8). Such behaAuor increases the frequency of bridges at the first 
diAdsion, but since they can be recognized an idea of their frequency can be 
obtained. In a eoimt from phnit 1 , of a total of 80 bridges of all types, 7 (8.7 
per cent) Avere univalent bridges. This seems to indicate that the frequency 
of non-disjunction and unhmlent bridges is about the same. However, no 
adequate records Avere kept for other plants, and it is possible that the fre- 
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(liieiicy of univalent bridges is too liigli in tbe sample cited, idlest of the 
bridges at the second division are due to crossing-o^'er within and proximal 
(disparate) to an inversion. These are evident as loops attached to one 
centromere at oiie pole at first anaphase (fig. 9) and are obsein’ed quite often. 

The visible acentric fragments in the triploid vary a great deal in size, 
Jtiviiig further evidenee for the presence of iiunierons different inversions. 
Figure 10 shows three bridges, all having fragments of different sizes. These 
fragments rather often appear to be attached to the free arm of a ehroniatid 
at anaphase (fig. 10) as has been found in Zea L. (MeClintock 1938) and 
consequently may be included in the nueleus at telopliase I. Their iiielusion 
is further indicated by the presence of oceasional cells with fragments in the 
spindle at anaphase II (fig. 11). That only very few of these are ever in- 
cluded in the nucleus at telophase II will be shown later (Giles 19-11). It 
lias also been found that the centric fragment chromosomes in these plants 
may contain inversions in which crossing-over occurs, as lias been noted by 
Swanson (1940) in a diploid Tradescaufia. In 299 cells of plant D a bridge 
in the fragment chromosome, usually with accompanying aeeiitrie fragment, 
was present in 26, (8.5 per cent; fig. 12), The data for the centric fragments 
are not included with those for the normal cliromosomes. 

Quantitative Estimation of Hyhridity. In an endeavor to obtain some 
idea of the nature and ainomit of structural hybridity in the two species and 
in the hybrid between them, there are three methods of approach, all of 
which may be used to advantage. In tlie first place, by observing the pairing 
relations at metaphase we can determine if reciprocal translocations or 
duplications (at least in the triploid) are present. The evidenee for these, 
i.e., the luiiisual configurations in the triploids, has been discussed. It seems 
clear that duplications are present, although tiiey are undoubtedly small 
and not very nunieroiis. No configurations indicath^e of duplications have 
been noted in the diploid and tetraploid, but, as has been previousbv pointed 
out, it is impossible to say that none are present. It is clear that there are no 
large heterozygous reciprocal translocations in any of the plants, for the 
expected constant multivalent eonfigurations are absent. 

The second and third methods are particularly eoucerned with determin- 
ing the amount of inversion hybridity. The most obvious method is to at- 
tempt to identify at anaphase I of meiosis speeifie inversions as shown by 
their presence in particular chromosomes and by the size of the fragments 
released, since a single crossover at any point in a given inversion will 
always release a fragment of the same length. If the ehromosomes are indi- 
vidually distinguishable this may be possible. When, however, they are all 
of about the same size and shape as in the present plants, the inetliod is not 
so simple. However, it is possible to obtain a reasonably aeeurate estimate of 
tbe ininmiuin nuinber of inversions by taking into account the greatest 
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iiiiiiiber of bi-idges noted in any one cell, as well as the sizes of the frag- 
ments present. Iii the diploid plant not more than one inversion bridge 
in any one cell was noted. However, the size of the fragineiit varies. 
Although iiiost of tlie \isible fragments are about as lojig as the widtli of a 
iiieiotie chromosoiiie, occasional smaller or considerably longer fragments 
oeciir. This indicates that there are at least three different inversions present. 
In the tetraploid plant cells were observed with two inversion bridges, the 
fragments of both being about the same size. Also, as has been mentioned 
earlier, there were tAVO classes of Ausible fragments. With this evidence we 
can say that at least three immrsions are present in the chromosomes of the 
tetraploid. Since, hoAveAmr, we are dealing wdth four homologous chromo- 
somes ill each cell, whose total pairing length is tAvice that of the diploids, 
this does not mean that all of the inversions are qualitatively different ; that 
is, that they involve the rearrangement of non-liomologous genes. We 
actually haA'e evidence for only tAvo qualitatively different inverted se- 
quences, since the cells Avith tAvo bridges liaAung ecjual fragments may have 
resulted from crossing-over within tAvo homologous inversions. This difficulty 
ill recognizing qualitatively different inversions does not arise in the trip- 
loids in Avliieli the pairing length of the three homologous chromosomes is 
the same as in the diploid. Although it is true that some of tlie bridges ob- 
served in the triploids may be the result of crossing-over folloAving chromo- 
some pairing in aberrant configurations other than heterozygous inversions, 
it is still at once obvious that AA-e haAm evidence for many more inversions 
than in either of the parents. Four bridges were noted in a single cell. We 
also knoAV that at least one chromosome has an inwersion in both arms. 
Further, the occurrence of a double bridge in one arm Avitli fragments of tAAm 
different sizes indicates the presence of tAAm separate inversions in one arm 
or tAvo liomologous arms. Conse<;[nently, Ave are justified in assuming a 
minimum of six different inversions in the triploids. 

Obviously, the method just outlined cannot give ns an accurate measure 
of the degree of inversion hybridity, but only an idea of tlie minimum 
number of inversions present. A method for obtaining a general ctuantita- 
tive estimate of the total amount of iiiA-ersion hybridity is that suggested by 
Darlington (1937b) and termed a of hyhridity> This Auiliie is 

obtained by adding together the frequencies of inversion bridges per pollen 
mother cell and diAuding by the average chiasma freqiieney per cell. It is 
also necessary in calculating the frequency of bridges to eomit all double 
bridges at the first cliAusion Avliich result from crossing-over AAithin the same 
inversion as six instead of tAA'O, since, as Darlington points out, these are the 
result of complementary crossing-over , and presumably represent equal 
numbers of reciprocal erossoA^ers AAhieh Avill not give bridges and disparate 
crossovers Avhieh giA^e only one bridge instead of tAA^o. In the present plants, 
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however, we need not consider this latter point, since tlie only case of double 
erossiiig'-over within an inversion was on a slide not iiieliided in the data 
lireseiited. 

llie result of these calenlatioiis for the present group of plants is indi- 
cated ill table 4. As was pointed out, the frequency of bridges is that ob- 
served per pollen mother cell, not per cell. Consequeiithy the values for the 
iiereentages of bridges at anaphase II in table 4 are twice those in table 3. 


TABLE 4 

^ Comparatwe bridge f requencies at anaphase I and IJ of meiosis in diploid and tetra- 
ploid iradescantias and triploid liyhrids heficeen them. Caleulafioii of coefficient of 
hyhridity for inversions. 


Species 

Bridges 

A I 

Bridges 

All 

Total 
bridges 
(Inversion 
C.O. fre- 
quency) 

Average 

per 

cell 

Coefficient 
of inversion 
livdiidity 
(cell basis) 

Correeted 
to eliTOino- 
some basis 

r. palndosa 
(2u) 

.057 

.042 

.099 

i 

14.7 

.0067 

.0067 

T, canalicu- 
lata 
(4n) 

.185 

.074 

1 .259 

1 

j 

18.0 

.0144 

.0072 

3u hybrids 
(average of 

6 plants) 

.409 

.186 

.595 

i 13.1 

1 .0454 

i 

i 

,0302 


Before considering the results obtained, let us first examine the limita- 
tions of this method as applied to the present ease. Actually the method as 
outlined is generally applicable only to diploids with a random distribution 
of chiasmata. Consequently, w^e are immediately faced with two diffienlties, 
since w^e are studying tripioids and a tetraploid as well as a diploid, and, 
furtlier, since tliere is some evidence that crossing-over in diploid trades- 
cantias niay be restricted in regions of the eliroinosomes adjacent to the 
eeutromeres. 

In order to compare the relative amounts of inversion hybridity in the 
chromosomes of the diploid and the tetraploid, it is clear that the percentage 
of bridges should be given on the basis of chromosomes rather than cells. 
Consequently, we must divide the total percentage of bridges in the tetra- 
ploid by tw'^o. A further difficulty arises because each chroniosome is repre- 
sented four times in the cells of the tetraploid and consequently the pairing 
length of homologous chromosomes is potentially twice as great in the tetra- 
ploid as in the diploid. For any four homologous chromosomes the gene se- 
quence may be the same in all four, or different in one, two, or three, Wiien 
the sequence ill one of the chromosomes differs from that in the other three, 
the result of crossing-over will be the same as that in the diploid, unless the 
chromosome having the inverted sequence fails to pair, in which case the 
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bridge frequency would be reduced. The same conditions would hold wlieii 
three eliroiriosoiiies have an inverted sequence and one is normal. The condi- 
tion wdiicli might produce a considerable difference in bridge frequency in 
the tetraploid as conipared to the diploid is that in which two of the chromo- 
somes lia^'e a normal and tun an inverted sequence. In such a case prefer- 
ential pairing between ehromosomes having similar sequences may occur, 
wliicli would reduce the frequency of inversion bridges. However, pairing 
aiiioiig the four clironiosomes may also be at random. If this occurs, inver- 
sion pairing will be present in only four out of the six possible associations. 
However, in a diploid with a corresi^onding degree of inversion hybridity, 
that is, one inversion in one homologous pair, there is no possibility under 
normal pairing conditions of iioii-inversion x>airing. In consequence, under 
sncli circiimstaiiees (when there are two identical iinu=‘rted sequences in two 
of the four homologous chromosomes) the observed bridge frequency in the 
tetraploid should be increased by 33 per cent in order to correct for this 
rediietioii in bridge frequency due to tlie type of pairing. It is not possible 
to ascertain, howeA^er, Iioay often Avhen two bridges occur in one cell Ave are 
dealing Avith such identical inverted sequences in homologous chromosomes. 
It is probable tliat the fraction Avon Id be a rather small one. At any rate 
these considerations, and those pointed out earlier, indicate that the amount 
of liybridity as indicated by the pereentage of bridges in the tetraploid is 
certainly a iiiinimniii estimate. 

Ill coiiiparing the data for the diploids and triploids certain corrections 
must also be made. Here again the comparison should be made ou the basis 
of chromosomes rather than of cells. To do this the observed percentage of 
bridges must be diA'ided by 1.5 since one bridge represents one inverted 
sequence in 18 ehromosomes in tlie triploid as compared Avith one in 12 chro- 
mosomes ill the diploid. The linear order of the homologous sequence in the 
extra ehromosoiiie in the triploid makes no difference since it must be similar 
to that of one of the other tAvo chromosomes and the percentage of inversion 
liybridity remains the same in either case. This is true provided the three 
chromosomes do not differ by inA^ersions iiiA’oh'ing different breakage points 
Avitliiii the same region. Since most of the iiwersions appear to be small ones, 
this possibility seems rather unlikely, but it cannot be excluded. The possi- 
bility of preferential pairing must also be considered in the triploid. This 
is especially true in the present plants since \xe are dealing Avith Aviiat are 
basically allopolyploids, liaAung tAvo sets of ehromosomes from T. canal icu- 
lata and one from T. palndosa. HoAA’ever, the eAudeiiee from nietaphase pair- 
ing indicates that all three sets are largely iiomoiogons, since the behavior is 
that of autopolypioids Avitli someAvhat reduced trivalent formation. In trip- 
loid Dromphila melanogasfer females heterozygous for one in version, the 
evidence indicates that the tAA’o normal ehromosomes conjugate and pass to 
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opposit^e poles more often than ivould. be expected on random distribution, 
suggesting that pairing of the chroniosoine having the inversion is reduced 
(Stiirtevant 1931). In Tradescaniia,, however, since the evidence indicates 
tliat erossing-over in diploids may be largely restricted to the distal regions 
of the chromosomes, the presence of an extra eliromosoine, even one contain- 
ing an inversion, would presumably facilitate the association of most of the 
regions in the chromosome. This should increase the amount of inversion 
crossing-over, especially if any inversions are located in the regions proximal 
to the centromere, as recent evidence indicates (Swanson 1940). To believe, 
however, that the great increase in frequency of bridges in the triploid 
hybrid plants is due entirely to the type of pairing does not seem warranted. 
Evidence as to how iiiiieh the type of pairing in the triploid may be respon- 
sible for this increase is obtained from the results on an aiitotriploid T. 
bract eata (Sax 1937). Here the freqiieney of bridges at dt I was only 16.3 
per cent. No data are presented for A II. Since in the aiitotriploid we have 
two sets which are identical or nearly so, we should expect the bridge fre- 
quency^ to be even less than in the diploids. If inversion erossing-over coeffi- 
cients for this plant (for A I) and the average diploid (with approximately 
5 per cent bridges) are calculated, the triploid value is approximately three 
times that of the diploid. In hybrid triploids, however, this increase is about 
seven times that of the diploid. This must indicate that a considerable part 
of the increased bridge frequency of the hybrids is due, not to the type of 
pairing, but to a greater amount of struetufal liybridity, as w’Oiiid be the 
ease if the sequences contributed by the parents are different. Since the per- 
centage of interstitial ehiasmata in the diploid is considerably higher than 
the average for the triploids and also for the tetraploid (table 1), the calcu- 
lated inversion liybridity coefficient for this plant should tend to be higher 
than those for both of the tetraploid and the triploids if inversions are more 
common in the regions proximal to the centromere (ef. Swanson 1940). It 
is also true that other anomalous types of pairing in the triploids, such as 
intra-haploid pairing between relatively inverted segments, may lead to the 
formation of bridges, and this is another reason why the coefficient of inver- 
sion liybridity for the triploids does not have the same validity for compara- 
tive purposes as it does for diploids. 

As a result of the above consider atious, it seems clear that, althoiigli the 
method of calculating coefficients of hybriclity for inversions cannot be 
applied without considerable modification to the comparison of different 
species of tradescaiitias in which polyploidy is present, it does permit certain 
eonclusioiis. These are that the amount of inversion liybridity is least in the 
diploid T. paludosa and somewhat higher in the tetraploid T . mmalimilata 
used ill this study. Piirtherinore, it seems clear that the gene sequences of 
homologous chromosomes within each of the plants of the two species studied 
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resemble eacii other more than do tlie sequences of homologous ciiroiiiosoiiies 
of their hybrid. In other words, in this ease the difference in gene sequences 
is less witliiii an iiidiridnal of one species than between iiicliYiduals of two 
different species. 

SUMMARY 

A eoniparative study has been made of the behavior at meiosis of the 
ehroiiiosoiiies in a diploid Traclescantia paluclosa^ an autotetraploid T, 
ea/miliculata, and in a uimiher of the triploid hybrids resulting from a cross 
of these two plants. Certain configurations observed in the triploids, though 
comparatively rare, indicate the presence of small translocations between, 
or duplications in, iion-homologons ebromosomes, and duplication in differ- 
ent arms of tlie same eliromosome. These configiiratioiis have not been ob- 
served ill tlie diploid or in the tetraploid, but their absence in these plants 
does not prove the complete absence of the types of iiybridity which they 
indicate. There was no evidence of large heterozygous reciprocal transloca- 
tions in any of the plants examined. Heterozygous inversions, as indicated 
by the presence of dicentric bridges and acentric fragments, were present in 
all the iilants studied. The types of bridges and their frequencies in the 
different plants are described. The various difficulties eiico mitered in making 
a quantitative estimate of inversion Iiybridity for comparative purposes in 
these plants, partieiilarly in the triploids and the tetraploid, are discussed. 
It is coiieliided that on a ehroniosomal basis inversion Iiybridity in the par- 
ticular plants used in this study is least in the diploid T. paludosa., some- 
what greater in the tetraploid T. canalicnlata, and considerably higher in 
the triploid hybrids between them, indicating that in this ease the differences 
in the linear order of gene sequences of homologous eliromosomes are less 
within an individiial of one species than betAveen individuals of two different 
species. 

This work ivas done under the supeiwision of Professor Karl Sax, whom 
the author Avishes to thank for his adAuee and eritieisms. 

Biological Laboratories, Hara'ARd UNiAmRSiTY 
Cambridge, Massachusetts 
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FACTOR Z IN HYBRID MAIZE 


"William J. Robbins 
(with three figures) 

111 an earlier paper ( 3 ) it was reported that extracts of the partially ger- 
minated grains of a hybrid corn had per embryo, per endosperm or per 
grain a greater growth-promoting* eifect upon Phyeornyces in a solution of 
minerals, sugar, asparagine and thiamin than those of either of the inbred 
parents. The growth-promoting effect was ascribed to the presence of an 
unidentified growth substance called, for convenience, factor Z. The present 
paper reports the results for extracts of grains of another set of inbred maize 
and the Pi offspring. 

METHODS AND MATERIALS 

The grains used were kindly supplied by Dr. Frederick D. Richey. Ac- 
cording to Richey 4-8 is an inbred of some 20 years that is used in a number 
of corn belt hybrids ; 187 is also so used and has been selfed for some 14 years. 
The cross between them (either way) is the seed parent for United States 
hybrid Avhieli has had an excellent record in Iowa, Illinois, Indiana, and 
Ohio. The two hybrids %vere 985, a cross of 4-8 x 187, and 995, a cross of 
187 X 4-8, The grains w'ere of the 1939 crop and the experiments reported 
here were performed in March and April, 1940. 

The growth-promoting properties were determined by extracting the 
grains with 5 per cent aqueous pyridine. The pyridine extracts were evap- 
orated nearly to dryness and the residue taken up in distilled water. Aliquots 
of the extracts were added to a solution of minerals, sugar, asparagine, and 
thiainin and the inycelial growth of Phycomyces was determined for a 
72-110111* period at 25° C. 

The basic solution, solution I, contained per liter 50 g. dextrose, 1.5 g. 
KH 2 PO 4 , 0.5 g. MgSOi ■ 7 H 2 O, 0.5 mg. thiamin, and asparagine as indi- 
cated. The following trace elements also Avere added in p.p.m., 0.005 B, 
0.02 Cii, 0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. 

Pyrex glass cleaned wnth chromic acid cleaning mixture and thoroughly 
rinsed with tap water and distilled water wms used throughout. The dextrose 
was Com Products Company C.P. ; the asparagine was purified by crystal- 
lization from alcohol, the thiamin w^as Merckxs synthetic. Other chemicals 
were of the usual C.P. grade. The plus strain of Phycomyces Blakesleeanus 
was used. Dry w’eights of the fungus 'were determined by filtering the myce- 
lium into Gooch crucibles, wmshing with distilled wmter and drying at 100° C. 

1 Assistance in tins work was furnislied bj' the personnel of AVorks Projects Adniinis- 
tration Official Project 65-1-97--23 W. P. 5. 
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EXPERIMENTS 

Experiment 1. Tiveiity grains of eaeli line were placed at 25'* C. in a 
Petri dish with 8 ml. of water. The air-dry weight of each lot of grains was as 
follows : i~8, 4.725 g. • 187. 5.775 g. ; 985. 4.450 g. ; 995. 4.350 g. After 24 
hours each lot of grains was separated into embryos and eiidospernis. The 
embryos of each lot were ground in a mortar, as were the endosperms also, 
and extracted for 24 hours with 50 ml. of 5 per cent acpieoiis iiyridine. The 
liquid was centrifuged from the solid material and evaporated nearly to 
dryness on a hot plate. Each extract was made up to 20 ml with distilled 
w’ater. One ml. of the final solution was equivalent to the extract of a single 
embryo or of a single endosperm. 



ML. CORN EMBRYO EXTRACT 

Pig. 1. Increase in dry weigM of Phy corny ces produced by extracts of embryos of 
maize grains germinated 24 liours. Extracts added to medium of sugar, minerals^ aspara- 
gine and tliiainin. A-line 4—^/ Byline 187. C:=9SSy 4— (9 x I) = lS7x4~8. 1 ml* 

extract “ 1 emliryo. 

The growdh-promoting power of each of the 8 extracts wm determined 
by adding aliquots to 25 mi. of solution I containing 2 g. of asparagine per 
liter. The solntions -were inoculated with the spores ot ' Phycomuces and 
incnbated at 25° C. The experiment wvas performed in duplicate. The dry 
weight of the myceliiim produced yvas' determined (table 1) at the end of 72 
honrs. ' For constructing the curves in figures '!/■ 2, and 3 the increase in dry 
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ML. CORN ENDOSPERM EXTRACT 

Fig. 2. Increase in dry weight of Phycomifces produced by extracts of endosperm of 
maiae grains germinated 24 liours. Extracts added to medium of sugar, minerals, aspara- 
gine and thiamin. A = line 4-S ; B:=]ine 1S7 ; C = 98o, 4—8xlS7 ; 187x4-8. 1 ml. 

extract = 1 endosperm. 

TABLE 1 

Growth-proniotihg effect of extracts of embryo and endosperm of inbred -maise and 
fbelr Fj hybrids upon yroicth of Phycomyces in a solution of minerals, sugar, asparagine, 
and thiamin. O rains icere germinated for 24 hours. 


Quantity of extract 
added per 25 nil. 
basic medium 


Emlu-yo 

0.5 grain 

1.0 grain 

2.0 grains 

None 

Endosperm 
0.5 grain 

1.0 grain 

2.0 grains 

None 

Net embryo and 
endosperm, 

0.5 grain 

1.0 grain ' .... 

2.0 grains 


I)ry wt. mycelium in 2 iiasks nig. 


-/-.S' i 

187 j 

98 d, 

4—8 X 187 

^ 993, 

1 187 X 4-8 

7.3 

8.2 i 

30.7 

1 

17.1 

10,4 

11.9 1 

34.3 

35.4 

15.2 

14.8 

62.6 

; 68.9 

5.1 

5.1 

5.1 

i 5.1 

10.4 

6.7 

41.5 

' 15.8 

16.2 

32.1 i 

38.7 

■ 38.2 

19.0 

! 42,8 

70.6 

i ■ 72.3 

5.1 

5.1 

5.1 

1 5.1 

! 

7.5 ' 

■■ 6.7 

' 41.5 

* 15.8 

16.3 

32,1 

38.7 

. 3'8.2 

19.0 

42.8 

70.6 

i, 72.3 
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wei^-lit of tlie myceliuin caused by the extracts was used ; tlie dry weig'lit of 
the inyeeliiiiii in the soliitioii with no 'extract was siibti*aeted in each instance 
from that obtained in the same medium to which the given quantity of ex- 
tract had been added. x\ll the extracts increased the growtli of 
in the presence of thiamin; tliose of tlie endosperms were more beneficial 
than those of the embryos. The ditference between the effectiveness of endo- 



ML. CORN GRAIN EXTRACT 

Fig. 3, Tiiereasc in dry weiglit of produced by e.x:traets of air dry graiiiis 

of maize. Extracts added to medium of sugar, minerals, asparagine and tbiaimii. A = line 
4-8 : B = line 487 ; C = 3So, 4-8 x 187 ; I) = BBS, 187 x 4-8. 1 ml, extract ::: 1 grain. ; 

sperm and, embryo extracts .was greater for the inbred parents than for the' 
Fi hybrids (table,.!). 

,■ It was found earlier (3) .that -the amount of factor Z inereased with the 
length of the '.'gerniiiiation period, ,at least up „ to 3 days. It wa^s thought' de- 
sirable to determine whether this increase 'was associated' xvitlr the 'normal: 
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g‘eriii illation processes or wlietlier it was aceoiinted for by digestion caused 
by tlie enzymes of tiie grain. This was investigated by comparing the growth 
Xiroinoting jiropei'ties of extracts of dry grains and of grains wliicli had 
been permitted to autolyze in the presence of toluene. 

Experinieiit 2. Tu’eiity grains of each line were jilaced in 125 ml. stop- 
pered Erleiiiiieyer flasks with 8 ml. of distilled water and 0.5 ml. of toluene. 
The air dry weights of the several lots of grains were as follows : 4-8^ 4.900 
g. ; 187, 5.775 g. ; 985, 4.750 g. ; 995, 4.775 g. After 3 days at about 20° C. the 
grains had sAvollen materially and softened. They were removed, ground in 
a mortar and extracted for 24 hours with 50 ml. of 5 jier cent aqueous 
p.vridine. 

At the same time another lot of 20 grains of each line was selected. The 
air dry weights were as follows: 4-8, 4.925 g. ; 187, 5.875 g. ; 985, 4.700 g. ; 
995, 4.875 g. Tliese were crushed and ground without the addition of water 
or toluene and extracted with 50 ml. of 5 per cent aqueous pyridine. 

The liquid from each of the 8 lots of corn grains was separated from the 
solid material by centrifuging and the extract evaporated on a hot plate 
nearly to dryness. This removed the pyridine and the toluene. The extract 
of each lot of grain was made up to 20 ml. with distilled water. One ml. of 
the final solution was equivalent to the extract of 1 grain. 

The effect of the 8 extracts upon the growth of Phycomyces in the pres- 
ence of thiamin was determined. The extract of 1, 0.5, or 0.25 grain was 
added to 25 ml. of solution I containing 2 g. asparagine per liter. The ex- 
periment was performed in diijilicate. The flasks were inoculated with the 
spores of Phycoinijces and the dry weight of the inycelium was determined 
after 72 hours incubation at 25° C. (table 2). The dry w^eights of mycelium 

TABLE 2 

Groictli-promoiini} effect of extracts of grains of inhrcd maixe and their Ej li}/hrids 
upon growth of Phycompees In a solution of minerals, sugar, asparagine, and thiamin. 
Aboiw^, extracts of autohjzed grains; below, extracts of dry grains. 


Quantity of extract ^ Net dry wt. myeelium in 2 fl a sks m g. 


added pe^T 25 ml. 
l)asie inedium 

4-8 

187 

985, 

4-8 'X l87 

995, 

187 X 4-8 

Aiitolyzed grains 

1 grain 

70.2 

75.4 

86.1 . 

81.8 

0.5 graiir 

59.9 

51.2 

60.4 

65.6 

0.25 grain 

33.5 

41.7 

52.8 

' 52.9 

Dry grains 



i 

1 

j 

1 grain 

‘ 54.1 

60.2 

1 94.1 

98.9 

0.5 grain 

40.9 

I 31,5 

; 99.8 

83.7 

0.25 grain. : 

33.9 , 

21.8 

I' , , 61.5 

55.5 

None ' 

10.5 

1 10.5 

10.5 

10.5 
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grown in the presence of the extracts were expressed as tlie diii'ereiiee be- 
tween the weights obtained in solutions with extract and that in solutions 
with no extract added. For example, the dry weiglit witli the extract of 1 
gTaiii of the aiitolyzed 4-8 line was 80.7 mg. ; in the check solution 10.5 mg. of 
myeeliiiiii were obtained ; the net dry weight was 70.2 mg. 

The extracts of the dry grains of the hybrids were more effective tlian 
those of either parent (ffg. 3). Aiitolysis increased tlie poteiiej’ of the ex- 
tracts of the parents but decreased that of tlie extracts of the hybrids. Siiiee 
the effects of the extracts of the autolyzed grains were not greater for all 4 
lines tliaii those of the grains which were not autolyzed it would seem that 
the increase in factor Z witli germination w^as not merely caused by enz}'- 
niatie action but was associated with the normal processes of geriiiiiuition. 

The dry weights of myeelium obtained with extracts of the dry grains in 
experiment 2 were greater than those obtained in experiment 1 with grains 
germinated for 24 hours. This difference is not believed to be significant, 
because of the infliienee of differences in the quantity of inoeiilmii and other - 
factors which can be made uniform for a particular experiment but eaiinot 
be eoiitrolied from experiment to experiment. Furthermore extracts of whole 
grains were used in experiment 2 wdiile the embryo and endosperm were 
separately extracted in experiment 1 . 

DISCUSSION 

The results of these experiments eoiifirin earlier findings (3) with an- 
other set of inbred maize and their Fi heterotic hybrid but leave many ques- 
tions unanswered. 

Will other heterotic maize hybrids resemble those whicdi I have investi- 
gated! How would the extracts of non-heterotie maize hybrids iiifiiienee the 
growtii of Phycom ijces as compared with those of their inbred parents f There 
are also instances of negative heterosis” which might be investigated. I 
have expressed the results in terms of a single embryo, endosperm, or 
grain. Would similar results be found per gram of material extracted! 
Would extracts of the grown plants of maize inbreds and their Fi hybrids 
differ in their effects upon Phyconujces as those of the grains and seedlings 
apparently do or are the dift*erenees described in this paper and an earlier 
one limited to the seedling stages only ! Would the extracts of heterotic 
hybrids of plants other than maize affect Phyeomifces as those of maize do! 
To wFat may the benefieial effects -of the coni' extracts' on the development 
of Phycomyces be' ascribed! . The causes for the favorable action of plant 
extracts upon Phycomyces have been clisciissed; at length elsewdiere (1, 2,' 4), 
and it seemed' probable that unidentified growth; substances, 'called factor 'Z, 
were concerned'. Robbins :an'd Hamner (5) 'presented evidence 'that factor Z 
is multiple, consisting' of .at'least two parts, .factor 'Zi, and factor' Zg. Are both 
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faetors roneeriied in the eft'eets of the eoru <iT*ain extracts vised in this iiivesti- 
g'atioH? Is the favorable action due to the addition of organic acids, to 
changes in hydrogen-ion concentration, to ehauges in the amoiint of propor- 
tions of minerals, to additions of amino acids, or to some other well known 
substances rather than unidentified growth substances as we liave been 
inclined to believe • 

There are many difficulties in interpreting the effects of plant extracts 
upon growth because such extracts are mixtures of many organic and inor- 
ganic substances, some beneficial, some detrimental, and others ineffective. 
Until the substances concerned in such an effect as that described in this 
paper are available in pure form conclusions must be tentative and used 
primarily as the basis for further experimentation. 

SUMMARY 

Extracts of the grains of two inbred strains of maize and their heterotic 
Px hybrids were found to increase the early growth of Fhycomyees in solu- 
tions of sugar, minerals, asparagine, and thiamin. The extracts of the hy- 
brid grains produced a greater effect per grain, per embryo, and per endo- 
sperm than those of either of the parents. The effect of extracts of aiitolyzed 
grains differed somewhat from those which were allowed to germinate for 
24 hours. 

New York Botanical Garden 
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Department op Botany 
Columbia University 
New York, New York 
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THE DEVELOPMENT OF THE EMBRYO SAC IN 

AGAVE VIRGINICA 


Lorraine Regen 
(with fourteen figures) 

The vast majority of Aii^iosperms in which the development of the 
maerogametophyte has been studied are characterized by an embryo sac of 
the ‘‘normar’ type, which is 8-micleate at maturity, and formed from a 
single macrospore nucleus in consequence of three imelear divisions 
(Maheshwari, 1937). Until recently, Lilium has been used as the eiistomary 
material for the demonstration of embryo sac development to students of 
elementary botany. It has been shown, however, by Banibacioni (1928, 
1932) and Cooper (1934, 1935) that the eight nuclei of the mature embryo 
sac of Liliimi are derived from four macrospore nuclei rather than one, 
and that this 8-nueieate stage is se])arated from the niacrospore nuclei by 
only two nuclear divisions rather than three. Hence the development of the 
embryo sac in Lilium does not conform to the “normal” type, but is referred 
to the so-called “Pritillaria” type of Mahesh war! (1937). 

Several years ago, Dr. Harold C. Bold became interested in attempting 
to find other favorable material to demonstrate the ^ ‘normal ” type of 
embryo sac development, and suggested that Agave virginica L. (Amaryl- 
lidaeeae, subfamily Agavoideae) might prove suitable for this purpose. 
Apparently the only previous cytologieal work dealing with embryo sae 
development in this genus is that of Schlimbach (1924), on Agave chlora- 
cantha and A. atfenuata, as well as several other representatives of the 
Amaryllidaeeae. This worker eoneliided that embryo sac development pro- 
ceeded according to the “normal” type in species whose ovules are sur- 
rounded by two integuments, but that development of species with one 
integument was of the “Lilium” tyiie (as it was understood at that time, 
now called the “Adoxa” type). 

MATERIALS AND METHODS 

The infioreseeiice of >4. virginica is a panicle or eompoiind raceme, in 
which many flowers '.are borne in -acropetal succession.' It "was very, easy, 
therefore, to secure numerous flower buds in all stages of developmeiit. 
The inaterial on which the present study is based was collected by Dr. 
Harold C. Bold near Knoxville, Temi., in the summer of 1938, and fixed in 
a modified Bouin Is.' solution' called AlleiUs After .washing, the 'm.ate- 

rial was dehydrated in an aleohol series, cleared in xylol, and, following 
infiltration, was embedded in paraffin. Sections were cut at a thickness of 

' .1 TMs formula is given by'' McC'hiiig. (1929')^. ' . 
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10 p and 15 Li, stained with Heideiihain iiani aiiiin hematoxYliiij and 
eoiinterstaiiied with fast green. 


OBSERVATIONS 

The fioY^ers of A. virgimca have an inferior ovary, as is characteristic 
of tile family Amaryllidaeeae. In each of the three lociiles of the ovary are 
borne two rows of ovules with axile placentation ; the ovules themselves are 
anatropous. Certain cells of the ovary wall are coiispicuous because they 
contain groups of calcium oxalate crystals of the raphides type. 

The outer integument of the ovule is from one to three cells thicker than 
the inner integument, which is usually two cells thick. Within the iiucellus, 
the primary arehesporial cell or macrospore mother cell, hypoderinal in 
position, is distinguished from the surrounding cells by its larger size 
(hg. 1). During* the propliases of the heterotypic division the chromatic 
strands are first evenly distributed throughout the large nucleus, later aggre- 
gated in a dense netted mass toward one side. The nucleus generally con- 
tains a single large nucleolus, but occasionally there are two nucleoli lying 
close together. As the chromosomes take definite shape, they become dis- 
tributed around the periphery of the large prophase nueleus. 

Following the metaphase (fig. 2) and telophase (fig. 3) of the hetero- 
typic division, a cell wall is foinned separating the two cells of the dyad 
(fig. 4). The siieeeeding homoeotypic division, of which a telophase stage 
is shown in figure 5, is also followed by wall formation so as to delimit the 
four niacrospores. 

The arrangement of the niacrospores in the tetrad is either of the linear 
type (fig. 6) or the '‘T-shaped’’ type (fig. 7). In several ovules a row of 
three reproductive cells was observed with no fourth cell in the adjacent 
sections ; this is possibly to be interpreted as comprising two niacrospores 
and an undivided ceil of the dyad. 

Ill every case observed, it is the chalazal maerospore which develops 
into the embryo sac (fig. 8). The densely staining remnants of the three 
disintegrating niacrospores may be seen at the niieropylar end of the 
enlarging gametophyte as late as the four-nucleate stage (fig. 10). 

The nucleus of the chalazal macrospore divides to form a two-nucleate 
embryo sac (fig. 9). These two daughter nuclei then divide again, forming 
a four-nucleate macroganietophyte (fig. 10 ). With the final division of each 
of these four nuclei, the embryo sac becomes eight-nucleate (fig. 12). At 
this stage three antipodal cells are formed at the chalazal end of the embryo 
sac (fig. 11-13), two synergids and an egg cell are formed in the micro- 
pylar end (fig. 12^13), and the two polar nuclei migrate toward the center 
of the embryo sac (fig. 12). 

Certain nuclear changes within the embryo sac may occur before fer- 
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Eie. 1. Early proiiliase of heterotypic division in the inaerospore inotlier cell, x 3*20, 
Fra. 2. Metapliase of heterotypic division, x 340. Fig. 3. Telophase of heterotypic division. 
X 260. Pig. 4. Dyad formed after heterotypic division, x 340. Pig. 5. Late telophase of 
homeotypie division. X 300, ’ > 






I.voi*. <i8 





9 10 

Fig. 6. Tetrad of macrospores showing linear arrangement, x 185. Fig. 7. ^ ‘ T-sliaped 
tetrad of maerospores. x 340. Fig. 8. Developing ehalazal maerospore with two degenerat- 
ing macrospores, x 250. Fig. 9. Two-nucleate embryo sac. x 200. Fig. 10. Embryo sac. at 
wGfK ■nAr«i«+mv+ rfiiTinfints nf three disintem-ated niacrosooi^es. x 200. 
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tilizatioii is aeeoiiiplislied. In some eases the syiiergids (fig. 11) or the 
antipodals iiiav become disorganized prior to fertilization. The two polar 
iiueiei frequently fuse to form the primary endosperm nucleus, so that the 
embryo sac is seven-nucleate (fig. 13). This fusion is not of invariabie oceiir- 
reiice, however ; in certain eases the polar nuclei may remain unfiised until 
after the degeneration of the synergids, of the antipodals, or both. 

The actual process of fertilization was not observed in any of the mate- 
rial studied. The most mature ovules examined showed, however, that the 
endosperm in its early development is free-imelear (fig*. 14). A large num- 
ber of eiiclosperiii nuclei lie in the cavity occupied by the embryo sac before 
the embryo has begun its development. This observation is in accord with 
the findings of Sehlimbaeh (1924), who reported a free-iiuelear endosperm 
ill A. chloracantha and A. atfeuuata. 

A number of departures from the normal course of development in A. 
virginkrna were observed in the course of the present work. One ovule of 
this species was found to contam two distinct nucelli, enclosed within the 
same outer integiiineiit, but having separate inner integuments. An account 
of a similar circumstance has been reported in Moringa oleifera of the 
Liliaceae by Puri (1934). In another ovule, two tetrads of inacrospores, 
each linear in nature, were observed within a single nucellus. 

It was noted, furthermore, that a considerable number of ovaries in A. 
virginica were very iiiiprodiictive. Many of the ovules of such ovaries were 
sterile and abortive, forming no reproductive cells, and some were actually 
hollow because of the degeneration of niiceliar and sporogenoiis tissue. 
Cappelletti (1927), studying deteriorative processes witlim ovules of A. 
chloracarifha in which fertilization was inhibited, described a brief hyper- 
trophy of the micellar nuclei, followed by cellular degeneration of this tis- 
sue and a breakdown of the embryo sac. A similar degeneration oeeurs in 
^1. virgmiea also ; in some eases even after the embryo sac has reached the 
four-mieleate stage. Likewise Catalano, working with A. mptipe (1928) and 
A. sisalana (1929a) noted abnonnaiities during niaerosporogenesis and 
consequent sterility in these forms, which he would attribute to their prob- 
able hybrid nature (1929b). 

DISCUSSION 

Maerosporogeiiesis and embryo sac development in A, virginica is of the 
'LiormaF’ type, as described by Maheshwari (1937). In this respect, and 
also in the free-nuclear nature of the young endosperm, A. virginica is 
similar to A. chloracantha and A. aitennaia (Sehlimbaeh 1924). It is hoped 
that this species may furnish a useful and appropriate material for labora- 
tory illustration of the ^LiormaP’ tyjoe of embryo sac development in the 
Angiosperms. The occasional abnormalities noted are not of such common 
oeeurreiice as to preclude its use for this purpose, to which it seems ideally 
adaptable because of the large size of the nuclei and the embryo sac itself. 



1941] 


REGEN; EMBRYO SAC IK AGAVE 


235 


MeKelvey and Sax (1933) and mitaker (1934) have suggested that 
Agave^j Fourcroya, PolyanfheSy and Beschorneria of the Ainaryllidaeeae 
represent the epigynoiis eoiinterparts of the liypogyiioiis Liliaeeae Yucca, 
Hesperoyucea, Henperaloe, Cleisto yucca, and Samuela, This suggestion is 
based on the fact that ail of these genera have an identical haploid ehroiiio- 
some complement consisting of five large and twenty -five small chromosomes. 
The present work, showing that Agave is like Tiicca (Wolf 1940, et al.) in 
having a 'hiormar^ type of embryo sac, would tend to streiigthen this point 
of view. 

SUMMARY 

In Agave virginica L. the macrospore mother ceil forms four macro- 
spores, which may have either a linear or a ‘‘T-shaped’’ arrangement. The 
ehalazal maerospore, by three nuclear divisions, forms an embryo sac of 
the “normar’ eiglit-iiiieleate type, which becomes seveii-imcleate following 
the fusion of the two polar niielei to form the primary endosperm nucleus. 
Both the syiiergids and the antipodals may degenerate before fertilization. 
Endosperm formation is free-iinelear, and may proceed to a considerable 
extent before development of the embryo has begun. Degeneration of the 
embryo sac and nueellus in unfertilized ovules has been observed. 

The author wishes to express her sincere thanks to Dr. Harold C. Bold 
for suggesting the problem and supervising the early stages of this work, 
and to Dr. Fred T. Wolf for his assistance in the preparation of the draw- 
ings and the manuscript. 

Department op Biology 
Vanderbilt llNumRsiTY 
Nashville, Tennessee 
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SUPPLEMENTARY NOTES ON AMERICAN 

MENISPERMACEAE 

B. xl. Krukopf and H. X. Moldexke 

Considerable progress has been made recently in the elieinieal studies of 
the alkaloids derived from certain members of the Menispermaceae (3) and 
ill the studies of botanical components of various Curare (1, 2, 6, 7). In con- 
nee t ion with this eontiiiiious interest in Curare, a number of meiiisperiii- 
aceoiis specimens have been received for identification which extend oiir 
knowledge of certain species. Extensions of ranges are noted for a number 
of species and one species is described as new. It is satisfactory that, although 
a considerable number of specimens has been examined, no <*]iaiiges in nomen- 
clature appear to be necessary at the present time. 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers 
(4, 5). The following new abbreviations are used: 

A : Arnold Arboretum, Harvard University. 

D: Academy of Natural Sciences, Philadelpliia. 

E : Missouri Botanical Garden, St. Louis. 

Mi : University of Michigan, Ann Arbor. 

CHONDODENDROK RlUZ & PaVOII 

1. Chondodendron MiCROPHYLLUM (Eichl.) Moldenke. Additional speci- 
mens examined : Brazil — BAmAiBlanchet 1594 (F), 3178a (F),a,n, (P). 

2. Chondodendron PLATiPHYLLUM (A, St. Hil.) Miers. Additional speci- 
mens examined: Brazil — ^rio de Janeiro: St. Hilaire sm. (Macbride photo 
34501; type coll, of Cocculus f cinerascem) (P — photo), state undeter- 
mined: Martins 510 (Macbiide photo 19125; type eoIL of C, aemulum) (E, 
P, G — photo). BAmA: Luschnath or Lhotsky 173 (E), 

In his recent paper (3, p. 737 ) dealing with the alkaloids of Chondo- 
deudron spp. Dr. King* states: *^The aim of this investigation was the deter- 
iiiiiiation of the botanicai source of the substance known in pharmac}" as 
radix ■par eirae bravae^ since its alkaloids are related to the phenolic alkaloids 
* ' of tube- and pot-ciirare. This object has been attained. When pareirU' drava 
yields l-bebeerine it comes from Ckondodendron platyphpUum and wheiidt, 
yields d-bebeerine from €h. micropliyllimid^ In another place in the same 
paper (3, p. , 739) he ^ states : ‘ ^ O/iaticindewif an plaiypJiyUum and 'TOero-' 
phylliim are two species whose taxonomical characters^ are very: close,' but 
' chemical ' examination shows, a/ 'elear distincticm,,. Since 'it is' unlikely that 
'.native plant eo.Ilector's.C'Oiild' distinguish these Species, and there, is.'' .no appar- 
ent difterence in the pharinaeognostical eharaeters of tlieir roots, it seems 
clear that pareira brava has originated in the past in these two species.'’ 

' ■■ . .■■'.Jill 
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It is tliiis satisfactory tliat our suggestion in a iirevious paper (4, p. 15) 
as to the botanioal source of ''pareira brava’" has been f iiliy confiriiiecl. 

3. Chonbodendeon tomektosum Kniz & Pav. Additional specimens ex» 
aiiiiiied : Peru — san martin .* basin of Rio Huallaga, King 4044 (B, P, G, 
W) ; Spruce 4474 (Macbride photo 34500; type eolL of C. cretosum and 
Botryopsis Spniceana) (F, P — ^idioto, G). junin: basin of Rio Pereiie, 
KUUp cO Smith 27175 (F). 

5. Chondodendron limaciifolium (Diels) Moldenke. Additional speci- 
mens examined : Brazil — ^amazonas : basin of Rio Solimoes,. Kruhoff 8370 
(W), 8522 (^Y), 8713 (W). para: Signeira 8266 (Macbride photo 4993) 
(O' — photo of type). 

6. Chondodendron tomentocarpum (Rusby) Moldenke. Additional 
specimens examined: Boliuia — ^la paz: basin of Rio Beni, 0. E. White 1812 
(type eoll. of Ahuia holiviana) (G, Mi, W). 

7. Chondodendron toxicoperum (Wedd.) Krukotf & Moldenke. Addi- 
tional specimens examined : Peru — ^loreto : basin of Rio Huallaga, KUUp A 
Smith 28665 {¥) ; King 2782 (E, P, G) ; basin of Rio Itaya, KUUp cO Smith 
29337 (P) ; basin of Rio Putumayo, King 2042 (E, P, G, Mi). Brazil: basin 
of Rio Jiirua, IJle 5631 (Macbride photo 4985; type eoll. of C. polyanth/um') 
(P, G — photo). 

SCIADOTENIA Miei’S 

1. SciADOTENiA Sagotiana (Eiclil.) Diels. Additional specimens ex- 
amined: French Guiana: Sagot 19 (Macbride photo 4987) (G — photo of 
type). 

2. SciADOTENiA FARAENSis (Eiclil.) Diels. Additional specimens exam- 
ined: Brazil — par4: Martins sji. (Macbride photo 19124) (G — photo of 
type). 

3. SciADOTENiA SOLIMOESANA Molcleiike. Additional speeiniens examined : 
Brazil — amazonas: basin of Rio SolimoeSj Kruhoff 8243 (A), 8385 (A — 
isotype). 

4. SciADOTENiA Eichleriana Moldeiike. Additional specimens examined : 
Brazil — ^amazon as : basin of Rio Solimoes, Krukoff 8279 (A — isotype, W — 
isotype), 8376 (A). 

6. SciADOTENiA RAMiPLORA Eichl. Additional specimens examined : Pert;’ 
— -LORETO : basin of Rio Hiiallaga, Poeppig 2271 (Macbride photo 4986) (G — 
photo of type) ; basin of Rio Amazonas, King 1299 (W). 

7. SciADOTENiA DucKEi Moldeiike. Additional specimens examined: 
BraziLt— AAIAZONAS : Bucke 409 (A — isotype, P — isotype). 

8. SciADOTENiA AMAZONicA Eichl. Additional specimens examined : Brazil 
— AMAZONAS: Martins s.n, (Macbride photo 19126) (G— photo of type). 

9. SciADOTENiA CAA^ENNENSis Beiith. Additional specimens examined : 
French Guiana: Collector undesignaUed s,n. (P). British Guiana — ^esse- 
QUiBO : basin of Takntn River, A. C. Smith 3581 (E). 

Dr. Smith gives the following notes : ^ ‘ Slender liana; fruit often on stem 
near base, the leaves above ; fruit orange, at length deep purpledhTlie coliee- 
tion is the first known record of the species from British Guiana. 
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10. SciADOTEXiA braciiypoda Dlels. Additional speeiiiieiis examined : 
Brazil — amazonas: basin of Eio Jiirua, Krukoff 5096 (A, ]\In W) ; basin of 
Rio Purus, Goeldi 3934 (Maebride photo 4984) (Cl — photo of isotype). 

11- SciADOTENiA sixiiLis Moldeiike. Additional speoiiiieiis examined : 
Brazil — amazoxas: basin of Rio Negro, Krukoff 8020 (A — isotype). 

ANOxrosPERMUM Miers 

1. Axomos?er]?4Um Scho:ubuegkii Miers. xVdditional speeiiiieiis exam- 
ined : Peru — sax kabtix: basin of Rio Hiiallana, Kluq 3739 (A, E, F, G, 
W), 3756 (B, P, G). HUAXUCO : Mcxia 8201 (E, G, W). loreto : basin of Rio 
Nanay, King 1191 (AY), 1370 (F, AY). Bolrua — la paz: basin of Rfo Beni, 

.Buchiien 1619 (G). Brazil*. Amazonas: basin of Rio Kegvo, ' Spruce 2363 
(Maebride photo 3-1503; type roll, of A. hicidum) (P, F — photo. G). Rio de 
Janeiro: Glazioii 13516 (Maebride photo 4997) (A, F, G — photo). Suriiiani : 
Ilosimann 1298 (Maebride photo 30147 ; type coil, of A, Hodniiuini) (F — 
photo, 6). Bpjtish Guiana : Rolj. SchonihHrgk 833 (Alaebride photo 30148) 
(P — isotype, P — isotype, P — photo of isotype, K7 — isotype), demerara: 
basin of Demerara River, De la Cruz 2682 (D, G, AY), essequibo: basin of 
Essequibo River, De la Cruz 1436 (D, E, AA"), 1732 (E, AA") ; basin of Alaza- 
riini River, De la Cruz 2267 (D, E, Ali, AY), (D, E, AV), 2360 (E, AY), 
28.55 (D, E, G, AY). Trixidad: lY. E. Broadwag 7552 (AY). 

The Alexia eolleetion cited above represents the first known record of 
tliis species from Hiiaiiiico. The collector records the vernacular name 
^Ginaiio^^ and states that the mature fruit is orange. The New York Botanical 
Garden sheet of Buck tien 619 is plainly so labeled, but the Gray herbarium 
sheet lias had the number corrected to ‘‘1619. ’’ The reason for this correction 
is not clear. The Broadway collection cited above is apparently the first rec» 
ord of the species from Trinidad. 

2. Axomospe?imum Dielsianum Aloldenke. Additional specimens exam- 
ined : Brazil — aiuazonas: basin of Rio Soliinoes, Krukoff' 9045. (A — isotype). 

3. Axomospesmum reticulatuai '(Mart.) Eichl. Additional specimens 
examined : Brazil — ^aaiazonas : basin of Rio Japura, Martins 3027 (Maebride 
photo 19128) (G — photo of eotvpe) ; basin of Rio Madelm. Krukoff 6766 
(A). 

4. Axoaiospermum .nitidum. Aliers. Additional ' speeiinens examined: 
Brazil— RIO de Janeiro,: Miers 4254 (P — isotype) ; Glaziou 13517 (P). 

6. Anomospe,rmuai chloranthuai Diels. Additional specimens examined : 
Brazil— aaiazonas and acre territory: basin of Rio Purus, JJle S'588.(AI'ae- 
bride photo 4996 )'l(F — isotype, G— photo of type).; basin of Rio Solimoes, 
Krukoff '9118 (A). , , 

■ TELiTOXicuAi Moklenke ' 

1., 'Telitoxicuai Krukovii .''Moldeiike, .Additional specimens . examined 
Br,azil— AAIAZONAS : basiii of Rio. Madeira, Krttkoff..6912' (A— isotype,).. '■ 

2.. TELiTOXicuAi peruvianum Moldenke. Additional specimens examined : 
'Peru— LORETO :.basiiuof .Rio. 'Putumayo, KImg:2'12'9' (E— isotype). 

5. Telitoxicuai Duckei (Diels) Moldenke. Additional speeiinens exam- 
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iiied: Brazil — para: basin of Rio Mapuera, Ducke 9012 (Macbride plioto 
4990) (G — photo of type). 

6. Telitoxicum minittiplorL'M (Diels) Molclenke. Additional speeimeiis 
examined: Peru — loreto: basin of Rio Marafxon, Tessmann 4565 (F — iso- 
type). Brazil — amazokas: basin of Rio Soliinoes, Krukoff 7559 (A), 8340 
(A, W) ; basin of Rio AegTo, Knikoff 7956 (A), 8033 (A). 

ABUT A Barrere 

1. Abuta macrocarpa Moldenke. Additional specimens examined ; Brazil 
— AMAZONAS: basiii of Rio Negro, ? Krukoff 7961 (A), ! 7994 (A). 

2. Abuta obovata Diels. Additional speeimeiis examined: British 
Guiana — essequibo : basin of IMazaruni River, De la Cruz 2250 (D — isotype, 
E — isotype, G — isotype, W — iso type). 

3. Abuta bullata Moldenke. Additional siieeimens examined : Brazil — 
AMAZONAS ; basiu of Rlo Aladeira, Krukoff 7051 (A). British Guiana — ^esse- 
QUiBO : basin of Potaro River, Gleason 727 (W). 

5. Abuta velutina Gleason. xVdditional specimens examined: Vene- 
zuela — AMAZONAS : basili of Rio Orinoco, Tate 959 — isotype). 

6. Abuta panurensis Eiclil. Additional specimens examined: Brazil — 
AMAZONAS: basin of Rio Negro, Sjrruce 2763 (Macbride photo 4994) (G — 
plioto of isotype). 

7. Abuta racemosa (Thiiiib.) Triana & Planch. Additional specimens 
examined: Colombia*, department iindesignated, Mufis 5632 (W), 5759 
(W). 

8. Abuta IMBNE (Mart.) Eiehl. Additional specimens examined: Brazil 
— AMAZONAS : basin of Rio Negro, 8i)ruce s,n. (in vieinibns Barra; Macbride 
photo 4992; type coll, of A. rigida) (P, G, G — ^photo). 

10. Abuta trinervis (Rusby) Moldenke. Additional specimens exam- 
ined: Bolivia — la paz: basin of Rio Mapiri, Biiehtien 1935 ("W — isotype). 

11. Abuta GRANDiFOLiA (Mart.) Sandw. Additional speeimeiis examined : 
Venezuela — bolivar: LI. Williams 11437 (P, P, W). Peru — san martin: 
basin of Rio Hnallaga, King 2757 (A, E, G). loreto : basin of Rio Hiiallaga, 
King 3006 (A, E, G) ; basin of Rio Amazonas, King 2526 (A, W). Colombia 
— PUTUMAYO: King 1962 (A, E, G). vaupes: Cuatreeasas 6931 (W). Bolivia 
— ^LA PAZ: basin of Rio Beni, H . II . Eusby 1979 (D, E, G, Mi). Brazil 
—aoYAZ: Frees 2065 (A, Mi), matto grosso: Mahne 1484 (G). maranhao: 
Fro.es 11829 (N). acre territory: basin of Rio Purns, Krukoff 5786 (A, 
W). AMAZONAS: basiii of Rio Jnrna, Krukoff 4720 (A, Mi) ; basin of Rio 
Madeira, H. H. Busby 1980 (Mi) ; basin of Rio Solimoes, Poeppig 3069 
(type coll, of A. concolor) (P) ; Krukoff 7812 (A) ; basin of Rio Abgro, 
Spruce.' 1829 (eotype coll, of Anelasma pallidum) (6), s.n. (“in vieinibns 
Barra'’) (G) ; Krukoff' 7998 (A). parA: Ducke 275 (A, F). British Guiana 
— ^ESSEQUIBO : basin of Takntu River, Rich. Schomhurgk 440 (Macbride photo 
3G152; type coll, ot jinelasma Guian^^^^ (P, P — plioto). berbice: basin of 
Berbiee River, De laFruz. 1646 (E). Surinam: Collector imdesignated sji. 
'■t,^^'B/:' :23--VII---1939). (N). 

Onatrecasas’ specimen is the first known record of tlie species for the 
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province of Vaiipes (Colombia), Frees ■ specimen tiie first record from the 
State of Maraiiiiao (Brazil). 

The vernaeiilar name ‘'‘oeralime” is recorded on tlie label of the speeiiiieii 
from Surinam. 

12. Abuta Klugii Moldenke. Additional specimens exaiiiiiied : Brazil — 
AAiAZONAS: basiii of Rio Madeira, t Krukoff 7185 (A, E). 

13. Abuta Selloana Eiclil. Additional specimens exaiiiiiied : Brazil : 
Bellow s.n. (D). sao paulo: jP. G. Hoehne s.n, (Herb. Inst. Biol. S. Paulo 
28429) (A). RIO DE JANEIRO: Glaziou 13403 (F). minas geraes: M.exm 4456 
(A, D, E, G), 5082 (A, D, E, G) ; Mello Barreto 1662 (N), 1777 (F), 
1950 (F). 

14. xVbuta rupescens Aubl. Additional specimens examined : Brazil : 
Casarefto 1855 (P). rio de Janeiro: GulUemm 639 (type coll of Cocculus ? 
macropliylla) (F) ;Martius306 (Maebride photo 19129) (G — ^|ihoto). minas 
GERAES: Mexui 4215 (G), 5478 (A, A, D, E, E, G). amazonas: basin of Rio 
Madeira, Krukoff 5978 (A, Mi, lY) ; basin of Rio Purus, Krukoff' 5437 (A, 
E, Mi, W). 

16. Abuta Grisebachii Triana & Planeli. Additional specimens ex- 
amined: Brazil — amazonas: basin of Rio Solimoes, Krukoff 7570 (A), 7572 
(W), 7822 (A), 8660 (A) ; basin of Rio NegTO, Krukoff 7960 (A), 7976 (A), 

? 8030 (A) ; Ducke 415 (A, F) ; Spruce 2340 (Maebride photo 4991) (F — 
eotype, G— eotype, G — photo of eotype). 

17. Abuta Candollei Triana & Planch. Additional speciinens examined : 
British Guiana: basin of Mazaruni River, Tulin 188 (YT). Surinam: Col- 
lector iindesignaied sm. (“E,” 16.VII.1939) (N). French Guiana: Sagot ■ 
s.n. (Maebride photo 34498) (F— photo of type) ; Perotfet s.n. (P) ; Auhlef 

(Maebride photo 34499) (P, P — photo). 

If the Paris specinien of AuMet s.n. (of wliicli we have seen a fragment 
and a photograph in the Field Mnseiini herbarium) proves to be eonspecifie 
with the British Mnsenm specimen which is the type of A. rufescens Aubl, 
then A. rufescens will have to be the name adopted for what is now called 
A. Candolleij and the plant now known as A. rufescens will have to have a 
new name. 

Tntin^s collection is the first record of the species from British Guiana. 

18. Abuta splendida Krukoff & Moldenke, sp. nov. Priitex scandens ; 
laminis coriaeeis ovatis vel late eiliptieis, ad apicem abrupte breviterque 
miieronatis, ad basim' rotiindatis, supra nitidis, subtus dense adpresso- 
tomentosis, S-piiiierviis ; 'drnpis magnis 2.8-3.1 'em.' loiigis, 1.8-2, cm. ■ latis," 
asymmetricis. 

In our previous. paper (5, p. 70) - the Buehtien speeimeiis .cited below' were, 
placed under A. Candollei with- .reservations. They, exhibit only .pistillate 
flowers and mature fruits, neither of which was available on any of the 
specimens from the Guianas which are undoubtedly the true A. CandolleL 
Since then we have received an excellent sheet with mature fruit {collecfor 
Mudesignaied^ s.n.) collected on July 16, 1939, at Litanie, in Surinam, and 
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kindly sent to ns by Prof. Dr. G. Staliel, also additional slieets of the Bolivian 
eollected by the senior aiifhor of this paper in 1939 in the basins of 
the Rio Bopi and Rio J\Iapiri. 

It is now obA'ious that the BoliAdan plant represents a distinct species. 
Its fruits are 2.S-3.1 cm. long*, 1.8-2 ein. wide, distincth' asAnnmetrie at the 
base, curved, the mesocarp hard, about 2 inin. thick, and the pedicels 2-3.5 
niiii. ill diameter, wliereas in A. CandoUei the fruits are 1. 7-2.1 cm. long, 
1. 3-1.5 cm. Avide, more or less syminetric at the base, and straight, the ineso- 
carp about 0.5 mm. thick, and the pedicels up to 1 mm. in diameter. 

Only staiiiiuate floAvers are knoAm from A. CandoUei and only pistillate 
iioAvers are knoAvn from the neAv species from Bolivia. In our previous paper 
(4, p. 70) Ave have already pointed out the differences in the pistillate floAvers 
betAveeii the Bolivian plant and A, Grisehachii, the only other species of the 
genus in Avhieh the leaf -blades are Avoolly beneath (completely eoAnred Avith 
hairs 1). The p)istiilate flowers of the iieAV species differ from those of A. 
(Aisehachii in their much longer and AAuder sepals, Avhich are distinctly 
appressed-pubeseent Avith short antrorse biift* hairs Avhieh project coiispicii- 
onsly ill ciliate fashion over the margins, longer stami nodes, and larger 
ovaries. 

Description: xV Avoody Aune; older branchlets stout, solid, siibappressed- 
tomentose, the pubescence AA^earing off* Acitli age ; younger braiiehlets stout, 
A^ery densely appressed-toinentose AAuth brownish or cinereous hairs ; petioles 
slender, 2. 5-9. 5 cm. long, densely subappressed-toinentose Avith cinereous 
hairs Avhen young, less so in age, curved and inerassate at apex, ampliate at 
base; leaf -blades eoriaceous, ovate or broadly elliptic, 8-20.5 cm. long, 4.9-13 
ciii. Avide, from rounded to acuminate and invariably abruptly short-mucro- 
iiate at apex, entire, rounded at base, glabrous above except for the midrib 
and primary veins near the base AA'hieh are often siibappressed-tomentose 
Avith cinereous hairs, densely appressed-toinentose Avith cinereous hairs heloAA% 
5-plinerved, tlie primary A^eiiis and their branches sonieAvhat impressed 
ahoA^e, yery prominent beneath, the inner pair of priniai*y veins issuing at 
the very base of the blade ; secondaries rather niiinerous, issuing at approxi- 
mately right angles to the primaries, subparallel to each other, regular, dis- 
tinct or often indistinct under a hand-lens aboAm, A^ery prominent beneatli ; 
veinlet reticulation fine and abundant, hardly distinct under a hand-lens 
above, prominent beneath ; rachis subappressed-toinentose, the pubescence 
Aveariiig oft* Avith age, greatly inerassate in fruit ; fruiting-pedieels stout, 4r-9 
mm. long, 2-3.5 mm. in diameter, pubescent like the rachis, each bearing 1, 
2, or 3 fruits; torus very greatly enlarged and club-shaped in fruit; fimits 
drupaceous, basally attached, elliptic, 2.8-3.1 cm. long, 1.8-2 cm. AAude, 
asymmetric at the base, curved, the exocarp hard, densely siibappressed- 
tomentose A\uth einereoiis hairs, the pubescence AA'caring off Avith age, the 
mesocarp dark-broAvn, hard, about 2 mm. thick, the encloearp bony, sculp- 
tured ; embryo folded over the condyle, each arm about 1.6 cm. long. 

Specimens examined : Bolivia- — ^la pa 2 : basin of Rio Bopi, 'Krukoff 10652 
(N) ; basin of Rio Mapiri, Krukoff 10802 (K), 10866 (K) , 10927 (N), 11083 
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(fr. Oet.-Nov.) (X— type) ; Buchtien 620 (fr. Sept.), fX, G), 1676 ffl. 
June) (fr. Sept) (X, W, W). 

Tlie species is very common on a MU on the right bank of the Rio Bopi 
near Malpaso del Cineo, also near Florida (between i\Iapiri and San Carlos) 
in the basin of the Rio Mapiri. The Xew York Botanical (jai'den speeiiiieii 
Biiclif ien 620 is plainly inscribed '"620,” while the Gray hei’bariiim speeiiiieii 
has had its number corrected to ‘‘1620.” The reason for this correct ion is 
not clear. 

ELISSARRHENA Micrs 

1. Elissarrhena grakdifolia (Eichl.) Diels. Additional speeiniens ex- 
amined: Brazil — amazonas: basin of Rio Jnriia, Krukoff M73 (A, F) ; 
basin of Rio X'egro, Spruce 1538 (Maebride photo 19130 ) (G — photo of 
type). 

The X'ew York Botanical Garden 
X'ew York, New York 
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NOVELTIES IN THE MELASTOMACEAE 


H. A. Gleason 


Aiiioii^‘ the speeimeiis referred to me for ideiitifieation during’ the past 
twelve months are several apparently new to science. These are here de- 
scribed. All types have been deposited in the Britton Herbarium at the New 
York Botanical Garden. 

Weberbauer collected in 1904 a Peruvian melastonie which was described 
by Cogiiiaux in 1908 as the only species in a new genus, Ceniradenmsirnm. 
So far as I know, it has not been re-collected. Cuatrecasas and Arbelaez have 
recently collected a second species in Colombia. 

Centradeniastrum album Gleason, sp. nov. A C. roseo differt floribiis 
5-meris ovario 3-loculari folds late cordato-ovatis. 

Stem slender, freely branched, glabrous, about 5 dm. long. Petioles 
slender, glabrous, nearly as long as the blade. Leaf -blades firm, cordate- 
ovate, 5-20 111111 . long, 5-15 mm. wide, subaeuminate to a blunt tip, shallowly 
serrate with 6-9 teetli on each side, 5-7 nerved, glabrous, or with a few short 
setae above. Cymes to 7-fiowered, the nodes subtended by ovate (lower) to 
lanceolate (upper) bracts 2-3 mm. long; pedicels 5-15 iiini. long, glaiidular- 
liirsute. Flowers 5-nierous. Hypanthium cup-shaped, 3.4 mm. long, thin- 
walled, 10-ribbed, glandular-hirsute. Sepals refiexed at aiithesis, triangular, 
subulate-tipped, 2.7 mm. long. Petals elliptic, white, 11 mm. long, 7.5 mm. 
wide, obtuse, tipped with a stout glandular seta. Stamens dimorphic ; epi- 
sepaloiis series: filaments slender, 5.2 mm. long; thecae nearly straight, 
subulate, 3.5 mm. long; coiiiiective forming a half-eirele, prolonged 2.1 nini, 
to the filament and bearing a short basal dorsal spur, prolonged below the 
filament 2 nun. in an uiilobed flattened organ; epipetalons series: filaments 
5.8 mm. long; anthers erect, straight, linear-siihiilate, 3.5 mm. long; connec- 
tive not prolonged. Ovary 3-celled; style declined, 7.5 mm. long; stigma 
piinctiform. Seeds fiat, cuneate, 1.7 mm. long, wing‘-mai*gined around tlie 
elliptic embryo. 

TYPE: Cuatrecasas & Arheldcz 6239, from Cerro de Mioicliique, western 
Cordillera, Dept. Cauea, Colombia. 

Monochaetum calvescens Gleason, sp. nov. Sect. Boriplan(Iiae. A 3L 
Bonplandii differt ramis petiolis foliis pedicellis brevissiine strigosis non 
patiiio-pubescentibus, hypaiithio subdiiplo majore glabro, sepalis miiiutis- 
siine ciliatis eeterum giabris, appendice stainiimm minorum elliptiea. 

Younger stems, petioles, leaf -blades and pedicels short-strigose. Petioles 
slender, 4-8 mm. long. Blades ovate-oblong, up to 35 by 15 mm., short- 
aeuiiiinate, cilia te with ascending hams, rounded at base, sub-5-pli-nerved, 
thinly strigose on both sides, glabrous above over the primary veins. Plow^ers 
4-inerous, ill small clusters terminating the stem and branches, on strigose 
pedicels 5-10 min. long. Hypanthium narrowly eampanulate, purple-red, 
glabrous, about 9 mm. long. Sepals triangular-lanceolate, reflexed at anthe- 
sis, 9 mm. long, 3“3.5 mm. wide at base, aeunxinate, minutely ciliate, with a 
few short setae at the siims, otheiwuse glabrous. Petals red-violet, apparently’' 
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about 15 mill, long*. Episepaloiis stameii.s: filaments fiat, tliiii, 8.4 iiiiii. long*; 
anthers erect or nearly so, linear-siibiilate, sterile, 2,2-3. 1 min. ion;?,- ap- 
pendage divergent, flattened, narroivly elliptic, 1.2-1, 5 mm. long. Epipetah 
oils stamens: fiJaineiits stouter, 7. 7-8.3 mni, long; anthers deflexed, liiiear- 
siibiilate, slightly arcuate, opening by a dorso-terininal pore, the thecae 9-10 
nim. long; connective 0.5 mm. long, channeled on the ventral side; appeii- 
dage curved forward into a cpiarter-circle, 2.5 mm. long, the basal half 
channeled on the concave side, the distal half flattened, widened, and irregu- 
larly 3-lobed. Ovary setose at the summit ; style slender, 14 min. long; stigma 
pinictiform. 

TYPE: Arheldes A Cnafreeasas 6611, from Pusagasiiga, Dept. Cmidi- 
niarca, Colombia, alt. 2100-2400 m. 

The structure of the stamens places the species beside the well-known 
il/. Bonplanchi (Kunth) Naiid., the only other member of the species-group. 
The very apparent differences between the two are stated in the diagnosis. 

Meriania colombiana Gleason, sp. nov. Sect. Umhellafar, Friitex sean- 
deiis; a M. gaiaiapl/inirai diff'ert dentibus ealycis exterioribiis sepala imilto 
excecleiitibus, a J/. holiviensi Mils subtus densiiis tomentosis antheris multo 
longioribus, a M. Welerhaueri structura aiitherarum et eonneetivi. 

Climbing shrub. Pubescence of spreading hairs densely plumose or stel- 
late at the base only. Younger bi^anches obscurely 4-angled, ferrugiiious- 
liii'sute, more densely so at the nodes, soon giabreseent. Petioles slender, 2-4 
cm. long, hirsute. Blades thin, elliptic, 12-20 cm. long, 5.5-9 cm. wide, acute, 
essentially entire, rounded at base, 5-pli-nerved, above ferriiginoiis-pubes- 
eent when young, soon giabreseent, beneath permanently whitened with 
hairs up to 2 mm. long, the basal branches 0.4 mm. long. Infloreseenee 2 dm. 
long, pubescent like the stem, the flowers in sessile or stalked clusters of 3, 
the latter usually with a single flower from the base of the stalk; pedicels 
15-20 mm. long. Hypanthium eampanulate, thick- walled, 8.5 mm. long to 
the torus, densely feriaigious-pubeseent, the hairs curved-ascending. Calyx- 
tube prolonged 4.5 mm. to acute sinuses ; sepals broadly round-ovate, 2 mm. 
long, short-acuminate ; exterior teeth terete, 6 mm. long, surpassing the sepal 
by 3 mm. Petals triangular-obovate, 23 min. long, almost as wide, barely 
retnse, entire. Stamens nearly isomorphic ; filaments stout, flattened, gla- 
brous, 8.^10.3 mm, long, part of them twisted to bring the anthers parallel 
with each, other; anthers subulate, tangentially flattened, about 8.5 and 10 
mm. long, opening by a single pore; connective not elevated, prolonged 
straight back 1-1.4 mm. as a triquetrous oi'gan (large stamens) or as a 
nearly terete organ channeled on the dorsal side, bearing at base an erect 
spur, flat, triangular, 0.7 mm. long in the small stamens, conic and 1 mm. 
long in the large. Ovary superior,- 5-eelled style ■ glabimus, sliglitly sigmoid, 
29 mm. long; stigma tnmeate. . 

^YFE : Arheldez'. and Cmtreeasas 5285, from Dintel, Dept., Cundiniarca,; 
Colombia, alt. 2300---2700 in. 

i¥.' eolomimna, M.. qumfuplinervk Naiid., M.. ialiniemk ,Cogn., and ¥.'■ 
W.eherbamri Cogn. form a group of closely related species characterized by 
large sepals and the peculiar type of pubescence described above. In the 
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seeoiicl the exterior teeth scarcely extend beyond the sepals, in the tliird the 
flowers are inueh smaller and pubescence sparse, and in the last the connec- 
tive is elevated into a proniinent dorsal ridge and not prolonged at base. 
JI. uniheUata Karst., which was also assigned to this group by Cogiiianx, 
is qnite a different jilant, more closely related to the well-known 31. speciosa. 

Diolena purpurea Gleason, sp. now Herba himiilis caiili hirsute; folia 
iiiajora laiieeolata brevissime petiolata, minora sessilia reniformia ; racemiis 
brevis, floribns eonfertis 5-ineris; hypanthium purpureo-hirsntum ; stamina 
diniorpha, antheris oblongis, eonnectivo setis 2 ornato, in ser. int. gracilibns 
0.6 Him. longis, in ser. ext. 2 mm, longis apice elavatis. 

A low herb, the stems hirsute witli usually refiexed hairs. Larger leaf- 
blades lanceolate, 6-12 cm. long, 2-3.5 cm. wide, obtusely aeiimiiiate, 
iiiinutely denticulate, long-eiliate, ineciuilateral at base, 3-pli-nerved, xiilose 
above, especially on tlie veins, purple and hirsute beneath. Smaller leaves 
sessile, reniform, up to 1 cm. long. Raceme short, witli crowded, 5-merous, 
short-pediceled flowers. Hypanthiiiin hemispheric, 2.2 mm. long, densely 
hirsute with purple liairs. Sepals scarious, truncate-triangular, erose- 
fimbriate, 0.4. mm. long; exterior teeth subulate, erect, 1.5 mm. long. Petals 
oblong, 6 nun. long, white, subacute. Stamens dimorphic ; filaments slender 
but fiat, 2.1 or 1.5 mm. long; anthers semi-ovoid, nearly 1 mm. long, opening 
by a ventro-terminal pore; connective prolonged at right angles to the 
thecae, 0.4 or 0.3 mm. long, bearing two anterior appendages 1.9 imn. long 
and elavate distally or 0.6 mm. long and slender. Style bent laterally near 
the apex, 3.6 mm. long, thickened above to the truncate stigma. 

TYPE ; Killip 35243, from dense forest on the upper Rio San Juan, Cor- 
covado Region, Inteiideiicia Bi Choco, Colombia, alt. 200-275 m. 

It is nearest to D. aurieulata Triana, from which it differs in its strongly 
hirsute stem, foliage and hypanthium. 

Leandra hyiophila Gleason, sp. nov. Rami petioli et panicula strigosa; 
folia hreviter petiolata anguste oblonga utrinqiie angustata b-pli-uervia 
supra strigulosa siibtus pubeseentia ; panicula multifiora pyrainidalis ; 
hypanthium siibglobosiim strigosum ; ealycis lobi breves triangulares (pumi 
dentes exteriores duplo breviores ; petala anguste oblonga ; ovarium glabiuim 
3-locnlare. 

Shrub about 5 m. high, the younger branches roundly 4-angled, closely 
strigose with brown hairs less than 1 mm. long; petioles stout, 1-2 cm. long, 
strigose like tiie stem ; leaf-blades thin, narrowly obovate-oblong to oblong- 
lanceolate, up to 20 by 7 cm., acute or short-aenminate, obseiirely dentieiiiate 
and ciliate, acute or ciineate at base, minutely strigose above (hairs 0.5 mm. 
long), pubescent beneath with hairs up to 1 inm. long. Panicle short- 
pediincled, 10 cm. long, freely branched, pubescent like the stem. Flowers 
sessile, 5-ineroiis. Hypanthium subglobose, 1.7 mm. long, sparsely short- 
strigose. Calyx-tube scarcely developed; sepals membranous, broadly tri- 
angular with eoncave margins, 0.5 mm. long from the torus ; exterior teeth 
stout, erect, subeonie, projecting about 0.3 mm. Petals narrowly oblong with 
indexed margins and encullate apex, orange, 1.3 mm. long. Stamens iso- 
inorpliic ; fllainents stout, 1-2 inm. long; anthers straight, 1.8 mm. long; con- 
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iieetive elevatecl at its base into a eonspieiious dorsal protiiberaiiee. Ovary 
two-tliirds inferior, 3-celledj g'labroiis; style 4 mm, Jong; stigma eapitellate. 

TYPE : King 1936, from forest at Umbria, Coinisaria del Piitomayo, Colom- 
bia, alt. 325 m. 

Ki'ukoff 10856, from the vicinity of Mapiri, Bolivia, is ideiiti{?al. Siiiee the 
genus Leandra has received no careful study and its species are not arranged 
ill logical order, it is impossible to discuss the possible relationship of the new 
species. 

Miconia stellulata Gleason, sp. nov. Sect. Jucunda. A Miconia p-uhicalyei 
differt pubeseentia ubiqiie multo tenuiore, folds 5-pli-nerviis, sepalis fere 
ereetis, petalis ealyci styloque glabris, deiitibus exterioribus crassis triangu- 
laribus. 

Tree 8 m. high, the branches terete and glabrous, the youngest twigs, 
petioles, and inflorescenee closely and minutely brown-stellate-tomentose. 
Petioles slender, 10-15 mm. long, deeply and narrowly channeled above. 
Blades firm, ovate-lanceolate, up to 14 cm. long and 5,5 cm. wide, long- 
aeuminate, entire, rounded at the base, 5-pli-nerved, the principal laterals 
arising 5-8 mm. from the base and outwardly curved, lightly impressed 
above, the straight secondaries 3-5 mm. apart, ascending at an angle of about 
70°, obscure above; young leaves browii-stellate-tomentose beneath, sparsely 
stellate above, soon glabra te on both sides. Panicle small, the 5-meroiis flowers 
sessile in small glomerules. Hypanthium obconic, 3.7 inni. long to the torus, 
very thinly and minutely stellate-pubescent. Calyx soon deciduous, scarcely 
spreading; calyx-tube prolonged 0.7 mm. to acute sinuses, glabrous; sepals 
broadly depressed-semieirciilar, 1 mm. long from the torus, with no free 
margin ; exterior teeth triangiilar, acute, carinate on the inner side, adiiate 
to the sepal and extending 0.9 mm. beyond it. Petals obovate-oblong, 4.2 mm. 
long, 2 niin. wide, obliquely retuse, glabrous. Stamens isoniorpliic but differ- 
ing slightly in size ; filaments slender, glabrous, 4 or 4.5 mm. long ; anthers 
subulate, slightly arcuate, 2-eelled, opening by a small terminal pore, 3.4 or 
3.9 mm. long, the thecae prolonged briefly below the filament; connective 
simple. Ovary half inferior, 3-celled, the rounded summit glabrous; style 
slender, glabrous, 10.3 mm. long; stigma trnneate. 

TYPE: Krukoff 11376, from Copaeabana, Dept. La Paz, Bolivia, alt. 850- 
950 m. 

It is a member of the species-gToup within Sect. Jucunda characterized 
by the extraordinary development of the exterior teeth, discussed by me in 
1932.^ To the eight species then known two have since been added. One of 
these is obviously similar to 31. stellulata but differs in the characters stated 
in the diagnosis. 

Miconia rosea Gleason, sp. nov. Sect. Eami jiiniores, peti- 

oli, venae mediae, infloreseentia et hypanthia densissime tomentosi; laminae 
membranaceae eliipticae petiolatae S-pli-nerviae supra glabrae snbtns ad 
yenas sparse stellatae; sepala bene evoliita;^ dimorpha; antherae 

■■subxilatae';Wmmectiva basi dilatata:secus niargines glancln^^ ■ 

'7 1 Bull.'' Torrey ,€mb :5a: a0O--36a.' ■■■■ '.''AS 
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Tree 6-8 iii. liig-li, the younger brandies densely toiiieiitose Avitli stout 
eoiiic liairs about 1 mm. long. Petioles stout, 2-5 em. long, toiiientose like the 
stem. Blades thin, green on both sides, elliptic, 16-26 em. long, 8-14 cm. Avide, 
abruptly acuminate, repand-denticulate, cordiilate at the rounded base, S-jili- 
iierved, glabrous above with obscure plane veins spreading at nearly right 
angles, very sparsely stellate on the A^eins beneath. Panicle feAc-fioAA'ered, 
sparsely branched, 13 cm. long. PloAvers 5-nieroiis, sessile but apparently on 
pedicels 5-8 mm. long. Hypanthinin liemispheric, 4.2 mm. long to the torus, 
very thick-Avalied, densely tomentose. Calyx-tube flaring, 2.3 mm. long, 
sparsely sericeous Avithin ; sepals broadly triangular from acute sinuses, 3.1 
mm. long from the sinus, sericeous Avithin, pubescent outside like the liy- 
panthiimi; exterior teeth minute inconspicuous thickeiiiiigs. Petals cori- 
aceous or flesliy, elliptic-oblong, 16 mm. long, 8.5 mm. Avide, slightly inequi- 
lateral. Small staiiieus: filaments stout, 7.5 mm. long, finely pubescent; 
anthers slightly areiiate, subulate, 6.6 mm. long, Avith convolute thecae; con- 
iieetiA^e Avideiied beloAv and extending over lialf the sides of the tliecae, bear- 
ing near its margin 6-10 short-stipitate glands. Large stamens: filaments 9 
ram. long, piibeseeiit as before ; anthers slightly sigmoid, subulate, 7.5 nim. 
long, the thecae slightly convolute; connective expanded at base over the 
AAiiole sides of the thecae and bearing around its margin 12-20 nearly sessile 
glands. Ovary mostly inferior, 5-celled, Avitli a terminal erect glabrous collar 
1 iiiin. high; style straight, 16 mm. long, finely pubeseeiit; stigma truncate. 

TYPE: Cdrdenas 7^2, from Chimore, Rio San Rafael, Cochabamba, BoliAua, 
ill damp forest, alt. 800 ni. 

Tlie striictiire of the anther places the species at once in the section 
Adenodesma and adjacent to M. axinaeoides GL, also from BoliAua. It resem- 
bles this species in general habit, except its long petioles, but differs from it 
in its pubescence, its Avell-developed sepals, and the shape of the comiective. 
A better knoAvledge of If. Vrhaniana Cogii., of southern Peru, may eventu- 
ally shoAA’ tluit it is also related here, althougli assigned by its author to Sect. 
Eumiconia. 

Miconia barbicaulis Gleason, sp. nov. Sect. AmMyaridiena. Rami stellato- 
luiberiili et longissime xiurpureo-setosi ; folia longe petiolata subtiis pur- 
purea late ovata, breAuter acuminata, basi subcordata, 7-nervia, supra liir- 
siitiila subtus mox glabra ; paiiicula laxa pauciflora, uodis setosis ; flores 
5-nieri; calyx calyptratus demum in lobos irregulariter ruptus; stamina 
isomorpha leviter connata; antlierae 4-loeiilares, eomiectivo basi in lobnm 
dorsalem producto. 

Shrub 12 dm. iiigli, the younger stems 4-sulcate, sparsely setose Avitli 
spreading or deflexed blue hairs up to 12 mm. long. Petioles 5-7 cm. long, 
pubescent like tlie branches. Blades thin, broadly oAmte, 20-25 cm. long, 
15-17 cm. Avide, short-acuminate, toothed and ciliate, subcordate, 7-nervecl, 
hirsutulous above, hirsute beneath Avlien young, soon glabrescent. Panicle 
12 em. long, loose, feAv-floAAmrecl, long-setose at the nodes. PloAA^ers 5-merous. 
Hypaiithium subgiobose, 2.2 imn. long to the torus, sparsely long-setose. 
Calyx calyptrate, membranous, 2.6 mm. long, at maturity divided into 
irregular lobes, sparsely setose; exterior teeth spreading from the middle 
of the lobes, siibterete, 1 mm. long. Petals pale rose, ovate-oblong, 3 mm. 
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long*, 2 mm. wide, obtuse, entire, scarcely inequilateral. Stamens isomorpliic, 
eolierent in a ring; filaiiients broad and flat, 1.4 miii. long; antliers stout, 
radially flattened, blunt, 1.4 min. long, 4-eeIled, opening by a iiiiniite termi- 
nal pore ; eomieetive elevated into a ridge over the thecae and prolonged at 
base into a flat rhombic dorsal appendage 0.6 mm. long. Ovary wholly 
inferior, 3-eelled; style 3 mm, long; stigma eapitellate. 

TYPE: Sli'utch 44:20 j from vicinity of Piiyo, Napo-Pastaxa, Ecuador, alt. 
750-1000 m. 

The anthers are distiiictly those of the section Ainhlyarrhena^ and the 
same kind of eoniieetive occurs in M, acalephokles Naiid. The only species 
of the section which it resembles in general appearance are M. eardiophylla 
Gogn., 21/. LecJileri Triana and M. pin mi f era Triana, which haA'e glomerate 
flowers, unappendaged anthers, and normal calyx. The ealyptrate calyx sug- 
gests the section Laceraria, in which M. Wagneri ]\raebride has a similarly 
prolonged connective but differs in its anthers, exterior teeth and foliage. 

Miconia mapirensis Gleason, sp. iiov. Sect. Amhhjarrhena. Rami dense 
substrigosi pilis iuflexis; folia breviter petiolata elliptiea breviter acuminata 
basi rotnndata sub-5-pli-nervia, iitrinqiie brevissime setiilosa ; inflorescentia 
panienlata ramosa ; floribus 5-meris in glomeriilos dense aggregatis; hy- 
paiithiiim hirsutum ; sepala rotundata, dentibiis exterioribiis triaiigidaribiis 
adpressis; filameiita dense glandiilosa; antherae 4~loeiilares ineiirvae, eon- 
nectivo simpliei ; ovarium 4-loeulare ; stigma late eapitatiim. 

Small tree, 8 ni. high. Younger branches terete, densely snbstrigose ■with 
incurved stiff hairs. Petioles 10-15 mm. long, pubescent like the stem. Blades 
firm, elliptic, 12-16 cm. long, 4.5-6 ein. wide, sliort-aenminate, entire, 
rounded at base, snb-5-pli-nerved, setose on both sides, more densely be- 
neath, with hairs like those of the stem; secondary veins about 5 mm. apart, 
ascending at an angle of about 75°. Panicle short-pediineled, 10-12 cm. long, 
freely branched, the axis and spreading branches densely siihstrigose. 
Flowers 5-merous, densely aggregated into terminal glomeruies, on pedicels 
1-1.5 mm. long, subtended by linear orange-red bracts 2 mm. long. Hy- 
panthium sliort-eylinclrie, 2.8 mm. long to the torus, densely hirsute. Sepals 
broadly rounded, 1.5 mm. long from the torus; exterior teeth triangular, 
appressed, rather fleshy, half as long as the sepals, mostly adnate. Petals 
broadly elliptic, 2.8 mm. long, broadly retuse. StainenKS isomorphic ; filaments 
stout, flattened, 2.6 mm. long, densely stipitate-glandular ; anthers stout; 
ineiirved, 2.6 mm. long, 4-eelled ; connective simple. Ovary two-fifths inferior, 
3~eel]ed, the free summit conic, sharply 10-ribbed, extended as 10 eoraiate 
lobes siirroiiiiding the style; style stout, villosulous, 6.5 nun. long; stigma 
depressed-capitate, 1.7 mm. wide. 

TYPE: Krukoff 11215, from Copacabana, Dept. La Baz, Bolivia, alt.' 850- 
950 m. Another sheet from the same locality is Kruhoff'^ lllSS. 

Miconia 'niapirensis^ is a member of .a small group of Andean species 
characterized by glandular filaments, incurved anthers, broad stigmas, and 
glomerate flowers and including M. modica GL and ill. lasiosfijla Gl. with 
stellate pubescence, iff, amahilis Cogn. with nearly glabrous stem and stellate- 
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piibeseent liTpaiitliiiim, and M. Ba}igii Cogii., Avliicli is nearly or quite gln- 
broiis tliroiiglioiit. In all of these the inner pair of veins leave the midveiii 
at an acute angle, Avliile the outer pair are curA^ed into the perinieter of an 
ellipse. 31. sanguinea Triana also shares these characters except as to inflo- 
rescence ; its floAvers are long-pedicelled. 

Miconia megastigma Gleason, sp. iioal Sect. Amblyarrherta. Eami hir- 
suti et stellati; folia breviter petiolata, ovato-obloiiga, breAuter acuminata, 
basi rotiindata vel siibcordata, 5-pli-nerAua, prinio iitrimpie piibescentia mox 
glabra ; paiiiciila paneiramosa ; flores 5-meri ; hypanthiiuii stellatiiiii et 
setosiim; sepal a late triaiignlaria ; petala late oATxta; stamina paiilo di- 
morplia; filaiiienta lata glandulosa ; antherae oboAmideae, coniiectiAa) ser. ext. 
in appendicem dorsalem prodncto ; stylus glandulosus ; stigma latum pel- 
tatiim. 

Slender vine climbing by roots, the younger stems terete, hirsute (liairs 
1.5-2 mm. long) and miniitely stellate. Petioles about 1 cm. long, piibeseent 
like the stem but more densely. Blades oblong, up to 10 cm. long by 6 cm. 
wide, short-aeiiminate, entire or nearly so, ciliate at least when young, 
rounded or siibcordate at base, 5-pli-nerved, minutely stellate aboA^e Avhen 
young, soon glabrous, paler and glabrous beneath. Panicle about 1 dm. long, 
pubescent like the stem, its feiv branches spreading at right angles. Flowers 
5-niei‘ous. Hypanthiiiin hemispheric, 2 mm. long, nearly 4 mim Avide, mi- 
nutely stellate and sparsely long-setose. Calyx-tube not prolonged; sepals 
horizontally spreading, broadly triangular, nearly 1 mm. long, more than 
2 mm. Avide ; exterior teeth stoutly subulate, appressed, exceeding the sepals. 
Petals AAdiite, thick and fleshy, broadly oAxite, 4 mm. long, essentially sym- 
metrical. Episepaloiis stamens : filaments 1.8 mm. long, 1.3 mm. Avide, sparsely 
giandiilar on the margin; anthers oboAuiid, 2.1 mm. long, 4-celled; connective 
expanded at base into a traiisA'ersely elliptic fleshy dorsal lobe 0.6 mm. long, 
1.3 mm. Avide. Epipetaloiis stamens: filaments as before, but slightly nar- 
roAver, densely glandular on the back only; anthers as before; connective 
scarcely prolonged, truncate. Ovary nearly inferior, 5-eelled ; style 4 mm. 
long, densely glandular; stigma peltate, 5-lobed, 2.4 mm. ATide. 

TYPE : Skufeh 4558, from vicinity of Puyo, prov. Napo-Pastazo, Ecuador, 
alt. 750-1000 m. 

The species is luidonbtediy related to M. KilUpn GL, to Avhich it bears a 
strong siiperfieial resemblaiiee. The latter is a tall shrub Avith circular stigma 
and iinapiiendaged isomorphic anthers. 

Miconia Skutchii Gleason, sp. noA^ Sect. AmMijarrliena. Eami dense 
toiiieiitosi sub setis aureis longis; folia ionge petiolata eordato-ovata, iiscpie 
22 cm. loiiga 16 cm. lata, acuminata, dentata, 9-nervia, supra setosa snbtus 
niolliter piibescentia. Paiiiciila gracilis; flores 5-meri; hypanthiiim dense 
villosiim ; sepala semicirciilaria hyalina ; stamina isomorpba, coiineetivo infra 
thecas breAuter prodncto late dilatato. 

Shrub 7 dm. high, the younger branches deepl}^ 4-suleate, densely tomen- 
tose Avith minute pale hairs, densely hirsute Avith golden bristles to 2 mm. 
long. Petioles stout, pubescent like the stem, nearly half as long as the blades. 
Leaf-blades minutely puberuleiit above and setose AA^ith golden hairs to 2 min. 
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ioiio-, beiieatli softly piibeseeiit with very slender hairs 0.3 nmi. 'loiiy. Paniele 
slender, 15 eiii. long*, the lower branches 2 cm. long’. Flowers nearly sessile, 
glomerate, 5-inerous. Hypanthium 3.7 mm. long to the torus, verv densely 
lauate Avith spreading hairs to 1.5 mm, long. Calyx erect, the tube proicuiged 
0. / 111111 ., pubescent like the hypanthiimi; sepals semi c ire iilar, hyaline, 1.4 
mm. long from the torus, minutely erose-ciliate ; exterior teeth wholly adiiate, 
projecting 0.6 mm. Petals oblong, 5.5 by 2.8 mm., ivliite, essentially sym- 
metrical. Stamens isomorphic ; filaments slender, 2.5 mm. long, obscurely 
genieiilate near the summit; anthers oblong, 2.1 mm. long, 4-celled; eoniiee- 
tive thickened and Avidened toAvard the base, prolonged 0.6 iiiiii. beloAV the 
thecae into a tliiek, obscurely 3-lobed appendage. OAmry nearly inferior, 
5-eeried, glabrous ; style straight, 6 mm. long ; stigma piiiietiforiii. 

TYPE: SJnitcJi 4519, from Yicinity of Pnyo, prov. Napo-Pastaza, Ecuador, 
alt. 750-1000 111 . 

Comparatively feAV other species of this section of Miconia liaA'^e cordate 
leaA^es, and in none of them is the pnbeseenee so dense. It varies in oiir plant 
from extremely delicate hairs only 0.2 mm. long through all intermediate 
stages to fairly stiff bristles 2 mm. long, producing a golden indument over 
the stem, petioles, panicle and hypanthium. 

Miconia chrysocoma Gleason, sp. nov. Sect. Cremmihim. Frntex, ramis 
hirsiitis; folia inter minores, fiavo-viridia, oblonga vel obloiigo-laneeolata, 
argute denticulata, saepe ciliata, 5-pii-iiervia, siibtus ad Arenas a- illosa ; 
panicula aureo-hirsiita ; fiores breviter pedicellati glomerati; hypaiithiiim 
aiireo-villosiim ; stamina isomorplia, eomiectivo basi breviter 3-lobo; stigma 
obeonienm. 

About a meter high ; upper branches densely broAvii-hirsiite Avitli stontisli, 
rather fiexuons, spreading hairs 1-2.5 mm. long, beneath the liairs someAvliat 
pulverulent. Petioles stout, hirsute like the stem, 10-15 mm. long. BladOvS 
firm, yellow-green, oblong-iaiiceolate or oblong, np to 9 by 3 cm,, snbaenmi- 
iiate, sharply dentieidate Avitli shalloAv upcurved teeth alternating Avith single 
cilia, rounded at the base, 5-pli-nerved, the outer pair siibmarginal, glabrous 
above, villous beneatli on the primaries, less so on the secondaries and nearly 
glabrous on the sxirfaee. Panicle nearly sessile, about 10 cm. longy hirsute 
Avitli yellow hairs; pedicels 1 mm. long. PloAA’-ers glomerate, S-nieroxis. Hy- 
panthiiun snbglobose, 2 mm. long to the sinus, loosely Aullons. Calyx-lobes 
nearly semieirenlar from acute sinuses, 0.4-0.5 mm. long, very thin; exterior 
teeth* equal in Avidth but half as long, slightly spreading. Petals broadly 
elliptic, retiise, Avhite, 1.8 mm. long. Stamens isomorphic ; filaments 2.2 mm, 
long; anthers 1.2 mm. long, opening by two Avide terminal pores, the eomiec- 
tive prolonged below into a dorsal and two ventral lobes 0.2-0.3 mm. long. 

TYPE; KiUvp (& Smith 18035, from -La Baja, .Dept, Santander,' Colombia, 
alt. '2700-3500 m.; Cuatrecasas 1149 and 174M, from Boyaca, are the, same.', 'b, 

■ Through the arti,ficialkey in Cogniaiix t monograph, our' species appears 
to be related do Miconm divergent Triana, a - larger plant Avi'th much larger 
entire leavms : and capitate stigm 

Glidemia Killipii Gleason, sp. nov. Sect Calophijsa. Rami glandiiloso- 
hirsuti ; petioli formieario hirsuto teeti ; laminae magiiae falcatae breAuter 
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aeiiiiiiiiatae; basi oblique eordiilatae; fiores 5-ineri; liYpaiithhiiii giaiidulo- 
suiii ; sepala ratuiidato-triaiigularia, dentibns exterioribiis toto adiiatis siibii- 
latis, sepala breviter exeedentibiis ; aiitlierae angiiste siibiilatae iiiappeiidicii- 
latae ; ovariiiiii eoroiia oriiatum. 

SliiTib about a meter high, the upper branches denselT glandular, the 
hairs to 2.5 mm. long, flattened at the base. Petioles 1 cm. long or less, the 
lower side eoiiipletely eo\'ered by a sparsely hirsute convolute formicariiim. 
Blades oblong-elliptic or oblong-obovate, essentially isomorphic, to 23 cm. 
long by 12 cm. wude, abruptly short-acuminate, irregularly deiiticulate, 
obliquely cordiilate at base, 3-pli-nerved wdth an additional marginal pair, 
liirsiite aboA'e, hirsute on the A^eins beneath, the hairs partly glandular. 
Panicles axillary, slender, glandular-hirsute, 14-18 cm. long, the lateral 
branches 1-2 cm. long. PloAA^ers 5-merous, short-pedicelled. Hypanthium 
tubiilar-iirceolate, dilated at the base, 3.8 mm. long to the torus, glandular- 
hirsiite, the hairs to 1.7 mm. long. Calyx-tube nearly erect, 0.7 mm. long. 
Sepals rounded-triangular, 1-1.1 mm. long from the torus, obtuse ; exterior 
teeth glandular like the hypanthium, stoutly subulate, adnate to the end of 
the sepal, projecting about 0.6 mm. Petals light green, oblong-elliiDtie, 5.2 
min. long, ret use, slightly inequilateral. Stamens essentially isomorphic; 
filaments slender, 5.2 mm. long ; anthers subulate, 5.3 mm. long, opening by 
a A^entro-terminal (outer series) or dorso-terininal (inner series) pore. Ovary 
5-celled, half -inferior, the rounded glabrous summit prolonged into a terete 
croAvn 0.4 mm. high ; style nearly straight, 4.3 mm. long ; stigma punctiform. 

TYPE: Killip 35249 ^ from dense forest on a ridge along the Yeraciu Val- 
le.v, Corcovada Region, Intendencia El Choco, Colombia, alt. 200-275 m. 

While definitely related to C. juruensis (Pilger) Gl., C. foliosa GL and 
C. Jieterophijlla (Desr.) GL (ef. Bull. Torrey Club 58: 79-85. 1931), our 
species is distinguished from each of them by exceptionally strong charac- 
ters. All three have sessile or A^ery short floAAm'-clusters ; in the second and 
third the leaA’es are dimorphic ; in the first the ovary is setose, and several 
other less eoiispieuous but equally important characters distinguish them 
from C. inilipii. 

Clidemia Pittieri Gleason, sp. iioal Sect. Calophijsoides. Habitii Cli- 
demiae gracilis Pitt, similis et ilia forsan aifinis, dilfert caulibus teretibus, 
foliis amplexieaiilibus, antheris late dolabriformibus 4-loeularibus. 

Small tree to 8 m. tall (according to Woodson), Avith terete tAvigs, gla- 
brous throughout. LeaA^es sessile, cordate-clasping, abruptly acuminate, 
otherwise strongly dimorphic, the larger o\mte-lanceolate, 8-15 cm. long, 3-7 
cm. Avide, 5-nerA^ed Avith an additional Aveak marginal pair, the smaller 
broadly OA^ate to rotund, 2-3 cm. long and nearly or quite as Acide. Cymes 
from the axils of the upper large leaves, few-floAA^ered, 3-6 cm. long, peduncu- 
late, trichotoinous, the very slender branches subtended by linear bracts 6-2 
min. long. PloAA^ers 5-meroiis, Hypanthium siibglobose, fleshy, reddish, 3.3 
mm. long to the torus. Calyx-tube fleshy, someAvhat flaring, prolonged about 
0.4 mm. to very broad sinuses; sepals bimdly depressed-triangular, about 
0.6 mm. long; exterior teeth adnate for about half their length, resembling 
the sepals in shape but smaller. Petals red; siibrotund, 4 mm. long and Avide, 
inequilateral, shalloA^dy retuse, 9-nerved. Stamens isomorpliic; filaments 
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stout, nearly 2 inm. long- ; anthers stout, 1.3 mm. long and nearly as wide, 
4-celled ; connective elevated in the lower half into a prominent dorsal ridge, 
iinappendaged. Ovary three-fourths inferior, 5-celled, its .summit truneate- 
conic ; style stout, 4.5-5 mm. long ; stigma truncate. 

TYPE : Pittier 3177, from Prov. Chiriqui, Panama, alt. about 1700 m. ; also 
collected more recently in the same province by ^Yoodson d' Schery, 389 and 
56J2. 

This remarkable plant has been known to me for several years and. has 
been left nndescribed because its anthers are so unlike those of the other 
species of CUdemia, In all other features it agrees with that geniis. It is dis- 
tinguished from C. gracAUs Pitt, at a glance hy its cordate-clasping leaves- 


Ossaea spicata Gleason, sp. nov. Sect- Bradearia. Priitex ramis toiiien- 
tosiilisj laminae breviter petiolatae oblaneeolatae eandato-acmiiinatae 3- 
nerviae, supra glabrae subtus ad venas snbtomentosae ; flores sessiles in 
giomernlis spicatis, bracteati; hypanthinm snbtomentosiim ; sepala seariosa 
dentibiis exterioribiis vix evolntis; petala dorso lepidoto-stellata ; aiitherae 
basi in calcar breve prodnctae. 

Shrub 3-4: in. high, the younger branches slender, thinly tomentose. Peti- 
oles 5-10 mm. long, pubescent like the stem and setose toward the base on the 
upper side. Blades thin, oblanceolate, paler beneath, 12-18 cm. long, 4-6 cm. 
wide, candate-acuminate (aennien linear, obtuse, 10-15 mm. long), repand- 
dentienlate, narrowed from above the middle to an acute base, 3-nerved, with 
an additional pair of submarginal veins, glabrous above, thinly sub tomentose 
beneath on the primary veins only. Flowers 5-merons, sessile in small glomer- 
nles subtended by oblong to ovate bracts 1-1.5 mm. long, separated by inter- 
nodes 10-15 mm. long, forming a straight, axillary or terminal, interrupted 
spike. Hypanthinm eiip-sliape, 1.6 mm. long to the torus, thick-walled, siib- 
tomentose. Calyx-tiibe nearly erect, 0.5 mm. long; sepals very thin, broadly 
ovate to triangular, 1,2 mm. long from the torus; exterior teeth minnte 
thickened triangles. Petals erect, lanceolate, 4:.4 mm. long, lepidote-stellate 
on the back, the minnte subulate exterior teeth erect, the actual apex eiiciil- 
late and minutely inflexed. Anthers linear, 1.4 mm. long ; connective pro- 
longed at base into a lanceolate, erose, dorsal lobe about 0.4 mm. long. Ovary 
3-eeliecl, glabrous; style straight, glabrous; stigma apparently piinctiform. 

TYPE: Killip 35 16 6 y collected in dense forest between Qxiebrada Giiarapo 
and Mandinga, Intendencia El Choco, Colombia, alt. 120—180 m. 

In its spicate braeted inflorescence 0. spicata is clearh^ related to 0. rufi- 
harhis Triaiia, which is a ninch more robust plant, with pli-iierved leaves, 
long-hirsute inflorescence, and much larger bi'aets. 

The New Yokk Botanical Gaeden, 

'.New 'Ygre,, 'New York 



THREE MEW SPECIES OF MEXICAN UMBELLIFERAE 
]\IiLDRED E. Mathias and Lincoln Constance 


Arracacia ternata. Matliias & Constance, sp. iiov. Herba gTaeilis canles- 
eeiis e racliee iiorizoiitali crassa ramosa, (i— 10 din- alta, omniiio glabra vel 
mi mite seabenila ; folia in ambitn deltoidea, 1.5-3 dm. loiiga, 3--4-teriiata, 
foiiolis ovato-laneeolatis apice aciitis, basi euneatis, teriniiialibiis exeeptis 
distiiietis petioiiilatis sessilibiisve, 2-5 cm. loiigis, 1-2 cm. latis, crasse den- 
tatis lobatisqne, dentibus triangiilaribus mucronatis ; petioli gTacilliini, 5-15 
cm. loiigi, basi vaginantes ; folia caidina paiica foliis basilaribiis similia, 
iiisiiper demiun iiiiilto rednetis imi- vel plnrilobatis, lobis elongatis fdi- 
f orraibiis, 1-2 cm. longis, ^'aginis obsoletis ; infiorescentia ramosa peduncnlis 
infimis alteriiis, siiperioribus verticeliatis gracilibus patenti-adseendentibns 
subaequalibus, 2-3.5 cm. longis; radii fertiles 5-6 graciies pateiiti-adscen- 
deiites siibaequales, 2-3.5 cm. long! ; pedieelli fertiles 1-5, graciies patenti- 
adscendeiites, 3-6 mm. longi; flores purpurei, petalis ovalibiis; stylopodiiiin 
bre^ic()nicllln, disco conspieiio crennlato, stylis brevibiis divergentibns re- 
eiirvatisve; earpopiionim nsqne ad basiin bifidum; frnetiis oblongus, 7-12 
Him, loiigiis, 2-3 mm. latns, glaber, apice basiqiie attennatiis, apice emargi- 
iiatiis,- costis filiformibns ; vittae parvae in intervallis 1-2, in eommissuris 4; 
seminis facies profnnde snlcata. 

Slender caiilesceiit, branching perennial from a stout, horizontal woody 
root, 6-10 dm. high, glabrous throughout or the foliage minntely scaberii- 
loiis; leaves deltoid in general outline, excluding the petioles 1.5-3 dm. long, 
3-4-teriiate, the leaflets ovate-lanceolate, 2-5 cm. long, 1-2 cm. broad, acute 
at apex,^ cnneate at base, all but the terminal distinct, coarsely toothed and 
lobed witli triangnlar-mucronate teeth, petiolulate or sessile ; petioles very 
slender, 5-15 cm. long, sheathing at base; cauline leaves few, like the basal, 
the uppermost greatly reduced and consisting of 1-several elongate, filiform 
lobes 1-2 cm. long, the sheaths obsolete; inflorescence freely branched, the 
lower peduiudes alternate, the upper verticillate, slender, 3-6 cm. long, often 
witli a small sterile lateral umbel; involucre wanting, or of a solitary folia- 
eeoiis linear bract ; involucei of 1-several linear braetlets, 3-5 mm. long, 
exceeding the flowers ; fertile rays 5-6, slender, spreading-ascending, siib- 
eijiial, 2-3.5 cm. long; fertile pedicels 1-5, slender, spreading-ascending, 3-6 
mm. long; flowers purple, the petals oval; stylopodium low-conical, with a 
conspicuoiis crennlated disk, the styles short, divergent or recurved ; ear- 
pophore 2-cleft to the base; fruit oblong, 7-12 mm. long, 2-3 mni. broad, 
glabrous, tapering at each end, and with a Y-sliaped notch, at the apex, the 
ribs filiform; oil tubes small, 1—2 in the intervals, 4 on the commissure; seed 
face deeply snleate, 

Tifpe specimen: Bartleit 10294, Cerro Parrena, vicinity of San Jose, 
Sierra de San Carlos, Tamaulipas, Mexico, alt. 3100 ft., Julv is, 1930 (MBa"- 
TYPE, US). . 

This species is known only from the type eolleetioii. It is most closely 
related to Ar racacia frnticosci and A. Pringlei. Arracacia frutteosa is a 

Tile institutions in wiiieli these specimens are deposited are designated as follows: 
Boyal Botanic Gardens, Kew, K; Missouri Botanical Garden, MBG; New York Botanical 
Garden, NY; Hiiited States National Herbarium, US. 

' 254 ' 
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woody species and A. Pringlei is c-haraeterized by mostly alternate pediiii- 
cdes, longer involncel bracts, more numerous rays, shorter pedicels and white 
or cream-colored flowers. 

Doiinellsmithia Hintonii Mathias & Constance, sp. nor. Herba amiiia vel 
biennis, 6-12 dm. alta, e radiee simpliee graeile, foliis iiodisqiie paiiilo 
seaberulis; folia in aiiibitu cleltoidea, 6-12 cm. loiiga, teriiato-piiiiiate dis- 
seeta, segmentis terininalibus pierumque distinetis, foliolis laiiceolatis ova- 
tisve, 10-30 mm. longis, 5-15 mm. latis, basi eiineatis, piiinatifidis deiita- 
tisque lobulis (dentibus) integris, apiculatis glabra tis veiiis raehibiisqiie 
minute seaberulis ; petioli 5-15 cm. longi ; folia eaulina siimma alteriia de- 
ciissatp'e ; umbellae crebro sessiles vel pierumque peduncuiatae, peduiiculis 
alternis, 0.5-3 cm. longis ; involuerum iiiillum vel unibraeteatiiiii ; iiivoliieel- 
liim nullum ; radii 3-6, subaequales, 0.6-1.2 cm. longi ; pedieelli fertiles 1-4, 
2-6 mm. longi, sterilibiis longiores; floras flavi; stylopodiiim rnanifestiim 
breve; fruetiis orbicularis obcordatusve, 1.5 mm. longns, 1.5-2 mm. latus; 
basi cordatus ad apieem versus attenuatus glaber, apiee rotundo, eostis fib 
formibus indistinetis ; vittae eommissiirarum ut eae in intervallis 2-4; 
seininis facies vadose sulcata. 

Annual or biennial from a slender taproot, 6-12 dm. high, the foliage and 
nodes slightly scaberiiloiis ; leaves deltoid in general outline, exeludiiig the 
petioles 6-12 cm. long, ternate-pinnately dissected, the leaflets lanceolate to 
ovate, 10-30 mm. long, 5-15 mm. broad, mostly distinct, attenuate at apex, 
eiuieate at base, pinnatifid and toothed with entire, apieiilate lobes or teeth, 
minutely seaberulous on the veins and the rachis or glabrate ; petioles 5-15 
cm. long ; uppermost eauline leaves alternate or opposite ; peduncles alter- 
nate, 0.5-3 cm. long, or some umbels frequently sessile; involucre wanting, 
or of a single bract ; iiivolueel wanting ; rays 3-6, subequal, d, 6-1.2 cm, long ; 
fertile pedicels 1-4, 2-6 mm. long, longer than the sterile pedicels; flowers 
yellow ; stylopodiiim low but evident ; fruit orbicular to obcordate, 1.5 mm. 
long, 1.5-2 mm. broad, cordate at base, rounded but tapering toward apex, 
glabrous, the ribs filiform, indistinct ; oil tubes 2-4 in the intervals and on the 
commissure ; seed face shallowly suleate. 

Ty'pe specimen: Hinton 8463^ oak woods, Salitre, District of Temascal- 
tepee, State of Mexico, September 19, 1935. (NY type, K). 

Specimems examined: Mexico: llano, Tenayae, 1650 m., Hinton 4851 
(K, NY) ; barranca, Tenayae, Hinton 8367 (K, NY) ; hill, Mina de Agua, 
1990 m., Hinton 2329 (K, NY) ; Puerto Salitre, '1300 ni., Hinton, 17 SB (K). 

This species is separated from Dcinnellsmithia mexicana by, its' shallowdy 
suleate seed face, the fertile pedicels much . longer than the sterile,'' and the 
pinnatifid and toothed' leaflets. Both D. Hhiionii and D. nieximna are read- 
ily separable fixmi D. Mennis bythe evident stylopodiiim, oil, tubes 'several 
in the 'intervals, friiit/taperiiig at the apex, and 'the indistinct' ribs, , ■ 

' Prionosciadium, simplex 'MathiaS' & Constance, sp. nov. 'Herba/perennis 
canlescens erecta,'8 dm. ' alta,' '■ usque 'ad infloreseentiam seaberiilam omnino' 
'glaiica,glabraqu'e,Tblia basilaria in ambitu,.d6itoide:a,''8--l'5'em. longa, biter- 
nata, foliolis''"glab'rls distinetis petiolulatisnubtus, glaucis, '1.5-2.5 cm. longis, 
0.8-1. 5 cm. latis, oblongis ov^>to-!aHceolatisve serrulatis, obtusis vel apiee 
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abriipte aciitis, basi triiiieatis lobis diiobns lateralibiis iiistnictis; petioli 
graeiles, 3-5 eiii. loiigi, vaginis eloiigatis obioiigis marginibiis scariosis ; folia 
caiiliiia foliis basilaribiis similia alterna siirsiim recliicta, vaginis coiispiciiis 
obloiigis; iiifloreseeiitiae iiiiibella imiea terminalis, intercliini rainis laterai- 
ibiis iiistriietis ; pediiiieiiliis gracilis, 10-12 cm. longiis ; involiieriini iiiilliiin : 
iiivoliicelli bracteoiae plures laneeolatae ovato-iaiiceolataeve aeuimiiiata,e 
piirpiiraseeiites scaberiilae, 3-6 mm. longae ; petala purpurea obovata, circa 
2 mill, loiiga; stylopodiiiiii depressum, stylis loiigiusciilis ; friictus imiiia- 
turiis obloiigiis basi rotiiiidiis, apice trimeatus, 6-8 mm. loiigiis, 3-3.5 mm. 
latiis, glaber, dorsaliter valide eompressiis, eostis dorsalibus filiformibiis, 
lateralibiis teiiiii-alatis, alis corpore aiigustioribus. 

Ratber slender, caulescent, erect perennial, 8 dm. liigli, glaucous and 
glabrous tlirougliout exceiit for the seaberulous inflorescence ; basal leaves 
deltoid in general outline, excluding tlie petiole 8-15 cm. long, biternate, 
the leaflets oblong to ovate-lanceolate, distinct, 1.5-2. 5 ciii. long, 0.8-1. 5 cm. 
broad, obtuse or abruptly acute at apex, truncate at base, finely serrate and 
often Avith two lateral lobes at base, glaucons beneath, petiolulate ; petioles 
slender, 3-5 cm. long, the sheaths elongate, oblong Avith a scarioiis margin; 
caidine leaves like the basal, alternate, reduced upAvards Avith a conspicuous 
oblong sheatli ; inflorescence of a single terminal umbel or Avitli some lateral 
branclies beloAv ; peduncle slender, 10-12 cm. long ; involucre AA^aiiting ; iii- 
Anlueel of seA^eral lanceolate or ovate-lanceolate, acuiniiiate, purplish, bract- 
lets, 3-6 mm. long, shorter than the fruit ; fertile rays about 10, spreading- 
asceiidiiig, iiiieqiial, 1. 5-4.5 cm, long; fertile pedicels 2-6, spreading-ascend- 
ing, 2-4 mill, long; calyx teeth obsolete; petals purple, obovate, AAUth an in- 
flexed tip, about 2 mm. long; stylopodium depressed, the styles rather long; 
ovmries glabrous; immature fruit oblong, 6-8 mm. long, 3-3.5 mm. broad, 
rounded at base, truncate at apex, glabrous, strongly flattened dorsally, the 
dorsal ribs fllifonn, Avingless, the laterals tliin-Avinged, the Avings (in young 
fruit) narroAver than the body. 

Type specimen: Nelson 4478. on mountains near Miquihuana, Tamauli- 
pas, Mexico, alt. 7000-9000 ft., June 10, 1898 (US 332,526 type). 

Prionosciadiuni simplex is most nearly allied to P. Jmmile, AAdiieh is itself 
anomalous in the genus. Both species are ebaraeterized by their Ioav slender 
stature and comparatively simple inflorescence. simplex 

may be separated from F. humile by the finely serrate, oblong to ovate-lance- 
olate leaflets, 1.5-2. 5 cm. long, 0.8-1. 5 cm. broad, and the purple floAvers. 

Unia^ersity op California 
Berkeley, California 
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‘ STUDIES IN THE GENUS PHYSALACRIA^ 

Gladys E. Baker 

(with one hundred and five figures-) 

The geiins PJujsalaeria is g‘eiiel*ally regarded as a member of the family 
Clavariaceae (Killerman in Eng-ler and Praiitl 1928; Coker 1923; Cieiiieiits 
and Shear 1931), although more recently the suggestion that 'it be trans- 
ferred to a place amongst the Theleplioraceae has been advanced (McGuire 
1939). This proposal is based upon the assertion that the hynieiiiiim occupies 
a unilateral and inferior positon instead of being amphigenoiis, wliicdn is 
the usual hymenial eharaeterizatipn for tlie Clavariaceae. McGuire has coii- 
vincingiy demonstrated the fallacy of the amphigenoiis distributioir in Phy- 
sala^'ia mid Ims pointed out also the erroneous eonelusions of previous in- 
vestigators who followed this assumption. Up to now very little attention has 
been devoted to detailed studies of any of the Clavariaceae. Wakyaina (1932) 
mentions the basidia of Clavaria briefly, but bnly as a prelude to studies 
never completed. A comprehensive treatment of Typhula lias just appeared 
(R&isberg 1^40), but without the inclusion of cytologhcal data. Apparently 
PhyMiIacrifi has not been investigated eytologieally. In order to ascertain 
■with any eertaiiity tlie ^approximate positon of this genus and its relation- 
ships, a eofiiplete study- of the basidioearp development and differentiation 
seems necessary. ' ■ • ■ , 

Despite the fact that this genus has been defined clearly enough for recog- 
nition for over fifty years (Peck 1882), eoileetioiis of this ^tractive little 
genus, are still infrequent. A number of eolleetlons have been made in the 
intervening years,' chiefly in, the eastern part .of the United States and 
Canada. The material . serving as a basis for this study was collected: July '.25 
and July 27, 1.935, from basidipearps growing on a decaying stump in Door 
County, Wisconsin. At that time the fruetifleations were prolific but in sub- 
sequent seasons they failed to appear although the stump was carefully 
■watched during the summers of 1936 and 1938. The summer of 1936 was an’ 

' v ' i.'Stmdj' No, 19, Beparteieiit' of ’Plant 'Seieneej. Vassar College. 

' 2 ' Tlie publication of tlie illustrations was assisted by a grant from tJie Inxcy Maynard 
Salmon ','Eeseareh Fund of Vissar .Golleg'e.' 
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exeeptioiially dry one but even after tlie beginning of the rainy season the 
fungus did not reappear. 

The inaterial was bxed and i^reserved in formol-acetie-aleoliol. Later 
(diaracteristie stages of development Avere selected for sketeliing, and, in 
turn, sectioning, xlll material was dehydrated in a butyl-alcohol series pre- 
vious to iinbeddiiig, and serial sections 3, 5, 8, and 10 g thi(‘k wei:e cut. Slides 
were stained with Heidenhaiii ■ s iron-aliiin-haematoxylin and counter-stained 
witli phloxine. Temporary mounts were examined in a lacto-i)henol prepara- 
tion with a combination of cotton-blue and acid fiichsiii as stains. 

The youngest stage sectioned revealed a scarcely differentiated ball of 
tissues i:>artially imbedded in the w'ood cells of the substratum (fig. 1). 
Hyphal filaments with no special orientation abundantly pack the lumens 
of the wood cells at this and later stages (fig. 2). The hypliae appear to be 
binucleate. Basally the filaments are compactly arranged, forming a zone of 
thin-walled pseudo-parenchyma (fig. 3). Inside the hyphal cells the cyto- 
plasm forms a scant lining, and the nuclei, when apparent, are in close 
association or are scattered. Above the basal tissue the hyphae often appear 
as longer cells altliough their pseudo-parenchymatous nature is not lost coni- 
pletely (fig, 4). A short distance below the surface of the basidiocarp the 
cell arrangement becomes briefly reticulated before passing into the long 
loose liyphae which radiate freely over the surface. The hyphal tips are com- 
pletely midifferentia ted (fig. 5). 

"When the distinction between stalk and head of the fructification is first 
visble, the tissues are fun dameiit ally the same as in the button stage although 
they are now present in larger amonnts (figs. 6, 7). Active cell division in all 
parts of the developing basidiocarp allows for its growth and. subsequent 
tissue differentiation. The enlarging head is formed of reticulate filaineuts 
and free surface liyphae. Already much elongated at this stage, the stalk is 
composed of cells witli nuclei in active divsion as well as in eon jugate jiairs 


Explanation of figures 1-14 

All figures were drawn witli the aid of an Abbe camera liieida. 

Fliysalacria infiata. Fig. 1. Section of a young basidiocarp growing on wood. Dia- 
granimatic. x 47. FiG. 2, Petail of wood cells of substratum showing the lumens filled 
with fungous bypliae- x 550. Fig. 3. Cells from pseudo-parenebymatous zone at base of 
the basidiocarp illustrated in fig. 1. x 937. Fig, 4. Cells from the ulterior of the basidio- 
carp shown in fig. 1. x937. Fig. 5. Free hyphae from the surface of the same basidiocarp. 
X 937. Fig. 6 . Habit sketch of a young basidiocarp, the head region barely distinguished. 
X 18. Fig. 7. Section of basidiocarp shown in fig. 7. x 20. Fig. 8. Basal eells of basidio- 
carp of fig. 7. Note tliickening of walls. x937. Fig. 9. Stalk hyphae from same basidio- 
carp. X1550. Fig. 10. Cells from the region of junction between head and stalk. x 937. 
Fig. 11. Diagrammatic view of a longitudinal section through a developing basidiocarp. 
x47. Fig. 12. Eeticulate hyphae from the head of the basidiocarp in fig. 11. x 937. Fig. 
13. Hypliae from the surface of a young basidiocarp in the future fertile area. x937. 
Fig. 14. Hyphae from the surface of a young basidiocarp in the future sterile area, x 937. 
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(fig*. 9). The eells are thin- walled, elongated, and iiiostly are arranged in a 
eompaet parallel fashion, altliougli oeeasionally they are braiielied. Tliose 
tov'ard the outside often are of greater diameter tliaii tlie internal ones. 
The walls of the j)seiido-pareiiehymatons eells at the base of the stalk are 
slightly thickened (fig. 8). In a succeeding stage in the region where the 
head and stalk tissues adjoin, the reticulate portion beeoiiies mucii anasto- 
mosed and c()iise(pieiitly is difficult to trace. Here, too, the niielei are eoiii- 
iiioiily found to be dividing (hg. 10). The bidk of the head is a loose retieiiliim 
of hyphae (fig. 12) which now supports a compact la.yer of cells on the sur- 
face ; this results in a siiiootli head Avithoiit gyrations (figs. 11, 15). The 
peripheral liypliae lie parallel to each other in a palisade arrangement. They 
may be of nneqiiai lengths, but they are usually biiiueleate and are sup- 
ported basally by a layer of more closely interwoven cells. In places the 
hyphal ends are inflated and show a decreasing cytoplasmic content ; these 
are young cells Avliieh later will comprise the bulk of the sterile tissues of the 
head. Cells of the fertile parts are much smaller, filled with dense cytoplasm, 
and are more or less clavate in shape. Sterile and fertile areas consequently 
become recognizable long before the basidiocarp is morphologically mature 
(figs. 13, 14). Occasional cells may have already matured into eystidia, and 
a few of these may be emergent, but many of them, are still disposed well 
within the tissues. Exteriialiy the stalk, from its earliest iiieeptioh, appears 
toineutose because of many such inflated cells wliich terminate free marginal 
liypliae along its entire length. These hyphae are identical in appearance and 
nuclear history with the inflated eystidia of the cap (figs. 58, 59). Possibly 


Explanation of figures 15-30 

Physalacria inffata. Fig. 15. Young basidiocarp with head and stalk distinct. x47. 
Fig. 16. Section of same ba.sidiocarp in diagraunnatic longitudinal view, showing the first 
separation of reticulate tissues in the head, x 50. Fig.- 17. Older basidiocarp showing first 
external fold in the cap. x 15. Fig. 18. Beetion of basidiocairp of fig. 17, diagrainmaticall.y 
reiiresented, and showing the first complete separation of the tissues inside the head, x 14. 
Fig. 19. Older basidiocarp showing progressive separation of internal tissues. Section dia- 
grammatic with future hymeniiim restricted in this section to upper lobe. (Other sections 
show other lobes as fertile.) x 14. Fig. 20. Hymeniiim from fig. 19. Cross-walls are in- 
frequent and the nuclei are in active division at this stage, x 1550. Fig. ^21. Surface 
hyphae which comprise sterile areas of the same basidiocarp; the largest cell is a cys- 
tidiinn. x 1550. Fig. 22. Develoxiiiig basidioeaiqi showing infolding on up^ier and lower 
surfaces, x 15. Fig. 23. Section of basidiocaiq) of approximately same age as that shown 
in fig. 22, with cooiplete separation of cap and stalk tissues; the hymenium occurs on the 
left side and partly covers the upper surface, x 14. Fig. 24. A mature basidioear|>, x 0,75, 
Fig. 25. Mature basidiocarp strongly lateral in the attachment of cap and stalk, x 1.2. 
Fig. 26. Hiagramniatic section of basidiocarp shown in fig. 24. x47. Fig, 27. Completely 
matured basidiocarp with younger one connate at the base, x 2. Fig. 28. Section of a 
much inflated and lobed mature basidiocarp. In this section the fertile area is on the left 
margin but in other sections fertile areas occurred on the right lobes and not on the left. 
Diagrammatic. x47. Fig. 29. Stalk hyphae with thickened walls from a mature basidio- 
carp. x550. Fig. 30. Detail of subhymenium. x 937. 
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tliey should be designated eaiiloc'ystidin, s(Misu .Biiiler, l)ut sueli o. (ristiiud loii 
seems iiiiiieeessary liere. 

.As iiiteriiai differeiiiiatioii pro^'resses eonspiiuious o|>eMiii,u‘s aj)j)caii* in 
tlie ea|) imiiiediately abov(' tlie terniination ol' the stalk hypliat^ (Jiy. Ih). 
Later these bec'ome eoiifluent and throu^'h more (‘xt(msiv(‘ ;U‘ro\vth imike the 
first separatiosi between eap and stalk tissut‘s ((*f. tlys. 17, 18, 10). sur- 
fare liy])liae are at tliis time approaehin^- their iilliiiiate siz(‘ {iml arran,e'(‘™ 
meiit (figs. 20, 21). The livmenium eonsists of elosely i)aralhd tiv'phae wln)S(‘ 
slender ela/vate tips e{)ntain dense eytoi)lasin and whose nmdei are eillier 
undergoing karyogamy or are in ^'arying stages of division, pi*esn!nal)!y 
nieiotic. Tlie fertile h\'phae are supported by a srd)hyintmial layer of loostely 
intei’woven cells. No mature basidia. are to l)e found at this stagir (fi‘oss walls 
are infrecpient, so tliat often two sets of nu<dei appear in one hyphai end. 
However, the liyrnenial distribution is well-niark(‘d, bei-ause tin' sterile sur- 
fa(-e byi)hae are larger, fusiform, ami more vaxmolate than the IVrtib' tips, 
Ventricose cystidia are pi*oniinent in this tissue. Some ar(‘ not (‘inergHud and 
tlieir niielei are eonunonly in karyogamy or in the fi!‘st ni(doti(' division. 
Those wbieliylo proje<'t are usually binueleate, lia\'i ng resulted i‘rom fusion 
and one division. Nuclei in both the subbymeniuni and the underlying 
reticulum of the cap are still acdively dividing. Smtli division allows for the 
(Uintiniied expansion and Inflation of the cap. 

Just before the maturation of tbe hyiuenium the (uip shoves (‘Xternally fho 
first eonspiciious folds, predomimintly on tlie lower side, and internally tlu‘ 
complete separation of the cap from tlie stalk (tigs. 22, 2J). Pi*ojei*ting 
cystidia of two types oeeur over the hearl : large vmitri(M>se ones whieli liave 
a tliiekened rostrate bead and slender fusiform ones wliieh may or may not 
liave tliiekened tips. Ttiey are all binm^leate. A|)parmitlv' these eystidia rmicb 
inatnrity in advam'e of tlie basidia and tin* snrfaca^ (udls of the sti'rile /,om‘s; 
the nnclei id' the two latter (‘elbtyiu^s being mostly in karyoganiN* or the 
division thereafter. Htalk and sulibyineidal cell nmdei are likmvise often in 
division. 

The niatnre basidioearp lias eleaidy distimd fertib‘ and slmdle surface 
areas. Aeifording to its age it is more or less ('onvolutt' and inflated. Tlie iu- 
foldings are due to tbe expansion of tbe t‘a|) tissues, both fertile and sterile. 
Ill section a basidioearp of external apjiearanee, sneli as that sliown in figure 
24, has a hymeiiial layer about 20 |.i thick, supported by tlie subbymeniuni 
ranging from p in thickness (fig. 80), both of whii^li ai'e sut)|)orted 

from below by a zone of loose reticulate hypbae from 50- 150 p deef). The 
sterile portions, whieh are from 30-^40 p thick, rest directly on the reticnlnm. 
The remainder of the cap is entirely hollow except in the region of the stalk, 
where the parallel Ipypliae may protrude into the hollow, althoiigb giiiier 
these tissues. are covered by a few reticulate strands (fig. 26). The stalk tis- 
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sues may be eoiifliieiit witli tlie reticulum of the cap wiieii the lateral attach- 
ment of the stalk is extreme or the eonvolutioiis are higlily irregular (figs. 
25, 28). It is evident that although collapse of the bladder may explain some 
irregiilarities of the cap, the foldings are usually due to differences in ex- 
pansion, for the cell layers show no signs of shrinkage or distortion. 

When completely mature the basidioearp is extremely convoluted and 
greatly expanded (fig. 27). The walls of the mature stalk cells are niiich 
thickened, the cytoplasmic content is reduced, but the nuclei are still promi- 
nently associated in pairs (fig. 29). The distribution of the hyineninin is 
variable but never aniphigenous. A detailed examination of the hynieniuiii 
from a section of tlie basidioearp illustrated in figure 24 reveals that it is 
composed of basidia, parapliyses, and eystidia (fig. 31), The surface of the 
sterile |nirt is made up entirely of fusiform, exp)anded cells. Altogether four 
kinds of sterile elements may be distinguished in Physalacria. McGuire 
(1939), who mentions the large ventricose eystidia and smaller, slender fusi- 
form ones, described their form and position correctly. Both occur over tlie 
entire head, but more abundantly in the sterile portions. Ventricose eystidia, 
whicli are conspicuous for their thickened rostrate heads and their enormous 
size (26-52 >: 4-10 p) project from 9 to 30 p above the surface. Fusiform 
eystidia, 40-50 x 4-6 p, occur freely in the sterile portions, and less fre- 
quently in tlie fertile tissue than the ventricose type. Furthermore, the fusi- 
form ones are often found in greatest numbers in the transition region be- 
tween fertile and sterile areas. This difference in distribution may be seen 
in diagrammatic representation (fig. 100). The fusiform type is further dis- 
tinguislied in that it projects farther, as much as 50 p, and is always emer- 
gent. (Iccasioually tlie tip is thickened. Both kinds of eystidia are compara- 
tixely full of cytoplasm and are biiiucleate. 

Besides the eystidia tliere are the cells whieh eoustitiite the bulk of the 
sterile surface layer. I'liese are fusiform cells of an intermediate size, 24- 
31 X 4-9 p ; their free ends are never thickened, however, and they are united 
in <1 comiiaet iipriglit layer. None of them projects beyond the surface, al- 
tliOMgh, being soniewlnit variable in length, they form a slightly uneven 
snrfai-e. Their extreme vacuolatiou is most eonspieiious and from most of 
them live nuclei have disappeared. 

Amongst file basidia are found the iniieh smaller parapliyses, which are 
also noil-emergent, niienernsted cells. Figures 31 and 56 illustrate these 
sterile and fertile elements, drawn to a common scale. The by meniiim rests 
on the subhymenium, which consists of small hyphae, 1-2 p in diameter, 
more or less upriglit in position, parallel for the most part, but oceasioiialiy 
bran ('lied and interwoven. This layer is- supported from below by the cells of 
the retieulum, which are coarser, 2-4 p in diameter, and definitely inter- 
twined. All of its cells are biiiucleate with irregular cytoplasmic content. 
The subhymeniiini is laeking in the sterile parts. 
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Basidia iisiiallY arise as terminal lirplial cells, and develop in series. Coii- 
seqiieiitl.y in yi\^eii portion of tlie hynieninm stages of development may 
range from very yoiing basidia with tinfused nuclei to mature basidia. which 
are slightly emergent at the time of spore discharge. Cytologically the devel- 
opment of tlie basidiiim is tliat any typical honiobasidiini. Even when 
very young the basidia are eomparativeh^ distinct from the paraphyses, for 
tliey are shorter and more clavate as early as the pre-fusion stage (cf. figs. 
54 and 55). The young basidium is densely protoplasmic and binudeate (fig. 
32). By the time nuclear fusion has taken place it has already enlarged coii- 
siderabfvq and become slightly vacuolate. Before fusion the iiiielei lie mid- 
way in tbe cell. As tlie basidium enlarges the nuclei also increase in size 
(fig. 33). The basidium is well on its way to maturity before karyogamy 
occurs (figs. 34, 35). At the time of fusion the two uixclei move near the en- 
larged end (fig. 36). Here fusion takes place and is soon followed by the 
propliase of the first division, which is probably meiotie (figs. 37, 38). The 
ba.sidiiun continues to enlarge at the outer end. The second division follows 
at once (figs. 39, 40), althongh the division of the two daughter nuclei is not 
necessarily simultaneous (fig. 41). At tlie four-nucleate stage the basidium 
is decidedly enhrrged and near its maximnni size. The four nuclei lie toward 
tlie outer surface (fig. 42). Sterigmata, then aiipear, growing to a length of 
1 or 2 p before the spore vesicles begin to form (figs. 43, 44). As the sterig- 
mata and spores develop the basidium becomes correspondingly more vacuo- 
late. Tlie nnclei move near the sterigmata, pass through them into the spores 
in an attenuated mass, and finally are reorganized vuthin the young spores 


Explanation of figures 31-55 

Fhymlacna injlata* Pig. 31. Detail of mature liymenium, subliymeiiium, and a XK>r- 
tion of tlie reticulate liypbae. x 1250. Fig. 32. Young basidia, pre-fusion, x 2060. Fig. 
33. Older ba.Hldium, pre-fusion, x 2060. Fig. 34. Older liasidium, pre-fusion, x 2060. 
IbG. 35. Basidiiiin with fusing nuclei, x 2060. Fig. 36. Basidium with f usion nucleus. 
X 2{)()0. Fig. 37. Basidium with nueleus in prophase of first post-fusion division. x2l)60. 
Fig. 38. Basidium with nucleus at end of first post-fusion division, x 2060. Fig. 39. 
Bsisidiinn, two-nucleate, the nuclei in the second post-fusion division, x 2060. Fig. 40. 
Basidium with nuclei near the end of the second post-fusion division, x 2060. Fig. 41, Ba- 
sidium witli two nuclei in division, one nucleus in advance of tlie other. x2060- Fig. 
42. Four-niieleate liasidium. x2060. Fig. 43. Basidium with four sterigmata and four 
nuclei approaching end of second division, x 2060. Fig. 44. Basidium with four sterig- 
mata previous to spore formation, x 2060. Fig. 45. Four-spored basidium, the spores 
iinmature. X 2060. Fig. 46. Basidium with developing s)>ores, two mielei still in the 
basidium. x 2060. Fig. 47. Basidium with three mature spores and one nucleus passing 
through the sterigma. x 2060. Fig. 48. a. Mature spores from permanent slides, x 2080. 
h. Spores from a fresh, mount, x 2060. Fig. 49. Young paraphysis from fertile zone, pre- 
fusion, X 2060. Fig. 50. Paraphysis f,tom fertile zone, the nuclei fusing, x 2060. Fig* 51. 
Paraphysis with nueleus dividing, x 2060. Fig. 52. Mature uninucleate paraphysis. x 2060. 
Fig. 53, Matiire binueleate paraphysis. x 2060. Fig. 54. tJiimucleate post-fusion basidium. 
x2060. Fig. 55. ITninucleate post-fusion paraphysis from the same preparation as fig. 54, 
and adjacent to the basidium figured there, x 2060. 
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45, 46, 47). S])ore formation and nn(4ear migration are not alwr:v\"8 
siiiirilta.il eons in the same basidiiim (fig. 47). The spores are apparently niii- 
nneleate. In onl\'^ one did trvo iiiiclei appear to be present. Peek (1882) 
elaiined that the liasidia were two-spoi‘ed. Neithei* fresli moniits nor serial 
seetions eonfirined this statement. One basidiiim, alreaxly past spore-bearing, 
seemingly liad tA\’o nnelei still in the cell, wliieli was almost devoid of eyto- 
jilasm ; one of these iiiielei likewise seemed to be disi ritegrating. If so, it may 
be that wlieii and if tAA'o-spored forms oeeur tire extra nuclei degeiurrate. 

In tlie deA'elopinent of tlie paraphyses in the hymeninm it appears that 
tlieii* nuclei go tlirongh karyogamy, after wiiich one division may occur, 
altliough commonly there is no further nuclear change after fusion (figs. 49- 
53). Mature uninucleate parapln^ses are readily separable from uninucleate 
basidia by reason of form a,nd size (figs. 54, 55). Fusiform cystidia usually 
iindergo one division after fusion of their nuclei and tlien remain (-onspinu- 
orisly binucleate (figs. 57-59). 

The (‘ells Avliicli comprise the sterile layer arise in the same manuer as 
basidia : from the ends of h^'phal filaments. As soon as the cap is distin- 
guished from the stalk, but long befoi-e its tissues are inature, it is jiossible 
to recognize the liyphae whi(‘h become the cells of the sterile regions and 
those AAdiicli will become tlie liymenial layer. Th former are defhiitel\^ larger, 
more fusiform, and less densely filled witli cytoplasm. The stei‘ile cells ma- 
ture in advance of tlie basidia, as has been already pointed out. Nucleai* 
fusion occurs here as in tlie i‘\'Stidia and basidia, and is tlien followed by one 
di\fision (figs. 60-62). No snbsecinent division was noted and in inature 
basidiocai'ps tliese cells (juite coinmoii.h’' liave no nuclei. Since eliromosomal 
elements are too small to distinguish as units, it is impossible to say whetlier 
the one divisioii that follows fusion in the sterile cells is meiotiir 

III any part of the fructification the ventricose-rostrate cystidia, ar(‘ the 
most striking elements. Their nuclear history is (dearly defined. Tin* nuclei 
of tlie dikaryon enlarge, come together, and thereujion the nn*mbrain* breaks 
down at the point of contiguity (figs. 63, 64). A large rusion nucleus results 
wliich proceeds from a conspicuons iiropliase (fig. 65) tlirougli siu'cesslve 
karyokiiietic stages, and ends witli the return of the Ihiuudeate (condition 
(figs. 66-68). Further division does not seem to oc(Mir and tlie two nuclei 
remain more or less central in the cystidivan. No indiimtion of future dis- 
integration Avas noted, although tlie cytoplasm becomes iiioi'e viumolate Avith 
maturity. 

Obviously tlie variation Avbieh attends the formation of the sterile cells 
is more striking than the already well -known pattern of the basidiiim devel- 
opment. Cytological studies dealing with the sterile elements of the basidio- 
inyeetes are relatively feAv. Whelden (1936) cited wliat lit(*ratui*e tliere is on 
the subject Avhen he published an account of cystidial ^lud gloeocA'stidial be- 
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liayior iii a species of Peniopliora, one of the Thelephoraceae. Wlieldeii 
traced Hie iiiudear changes in eystidia from the fiisioii of the dikaryon nuclei 
tiirongh one division of the fusion imcleus. After tin’s the nuclei disintegrate 
and !at(‘r disajipear completely. The develo}3ment of tlie gioeoeystidia re- 
niains obscure becaiiise of their dense content. However, gioeoeystidia are 
definitely distinguished from eystidia because they arise as lateral branches 
of tlie deeper liyphae of the inyeeliiun and not as liyphal tips, from ivliicli 
the eystidia are formed. 

In Pliysalacria there are four distinct types of sterile cells, already de- 
scribed. Of tliese three types take their origin from hyphal tips; namely, the 
paraphyses found amongst' the basidia, the projecting fusiform eystidia, and 
tlie inflated fusiform cells of the sterile tissue. Although all these have a com- 
mon origin tlieir sul)se(juent history is not identical; but in none of them 
does nuclear development proceed beyond one division of the fusion nucleus. 
It would be interesting to know the exact nature of this division, whether it 
is meiotic oi* not, but the nuclei are too small to ])ermit chromosome counts. 
The origin of the ventricose-rostrate eystidia is various. At times it is dis- 
tinctive from a terminal cell, but when the cystidiiira remains disposed in- 
ternally witliiu the reticulum it may arise from a lateral cell. In these .fusion, 
and one division tliereafter are clearly demonstrable. 

The first tliree types of eystidia are comparable in their origin to a 
basidinrn, tlioiigh morphologically they are distinct in early stages of devel- 
opment. Certainly tlie ventricose-rostrate eystidia are distinct from the be- 
ginning. Their origin, even when terminal, seems to be associated with the 
intei*nal tissues a.iul since they do not take their origin from surface cells it 
is likely that tlieir primordia are not comparable to the basidia! primordia* 
TheA" would appear to be modified cells of the internal mycelium, some of 
u'liicdi ])ush tlirough tlie surface layers to the outside, and some of which 
1 ‘emain inside. Kivieger (1923) referred to these ventrieose eystidia as 
^bluets,’’ l)iit iiotJiiug to supiiort this contention Avas observed. 

As klcGuire (1939) has stated, tlie determination of fertile and sterile 
areas is relatively obvious, owing to the more compact appearance of tlie 
basidial layer and the greater frequency of the projecting eystidia in the 
sterile jiarts. TAvelve basidioearps of mature differentiation were sectioned 
serially and compared for hymenial distribution. From these it Avas apparent 
tliat little if any regularity pertains to the distribution of the liymenimn. 
McGuire found experimentally that the basidioearps do not invariably groAV 
erect, but tlie liyineniiim may be directed downward. In the material used 
here six basidioearps had hymeniuin only on the lower surfaces near the 
stalk, and none on the upper surfaces (fig. 101). It may be assumed that 
these six greAV more or less upright. Three had the hymeuiuni predominantly 
situated on the surfaces away from the stalk. Their position might liave been 
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iiu'erted or lateral (fi^. 103). One basidiocarp ]ia.d tlie liynieniiiiii spi*ead 
ii're^Tdarly ovei* all portions of the eap, soinetiin(‘s e\a‘n a]irphi^x?iioiisly in 
single setdions, tlioii^h one lateral aspect was interiiiitteiitly fertile, and 
lienee ina\' ha\a‘ ^toavii sliji'litly oblicjuely 102). Anotlier basidiocarp luid 
a, liyriieniniii so S(‘a.tt(n‘ed in. all parts that its position iniyiit liave been onl}^ 
slig‘htly lateral, or ahnost erect (fig‘. 105). Tliree connate basidio('ar])s dis- 
played in section botli under and upper snrtaees fertile (tiy'. ]()4). To siudi 
basidioear]is MeGiiii’e’s statement tliat flie byineninm iii variably “Oecnpies 
tlie portion of tlie liead which, is actually turned downward” could not 
apply. It seems tliat the most definite conclusion one can draw is that tlie 
liyinenial distribution is hi^*hly iii-e^Tilar and tliat it is never conijiletidy 
ampliiji*enoris o\nr the surface of the cap, but that apparently tliere is a 
]:>i'edis])osition for tlie under surfaces to be fertile. 

TAXONOMIC POSITION 

Ordinarily tlie family Clavariiiceac is classified between the Thclepho- 
raccae and the Ilfidiiaceac. As iisnally defined the family ineludes jrenera, 
wliose ere(.d spoi*ocai*ps are eitlier simple or branclied in varying' decTees of 
complexity. The h>nnenium covers '‘’most of the ]>lant, iisnally all ex(*ept a 
more or less well defined base or stem, winch may fade iiupei’ceptilily into 
the upper part or be more or less delimited by a clian|»:e in size or color” 
(Coker 1923). Nearly all taxonomic treatments summarize this dlaj^Tiosis l)y 
sayinji* briefly that the hymenivim is amplugenous. If such a (-laterion. is to lie 
applied witbont any latitude, Plrymlacria will be excluded from tlie family. 

Blit the confusion whicli lias attended the understandinjj: of tlie ^enns 
FhymUtcria extends to the family as a wJiole. Distimdions aiiionji’st the com- 
parati\'ely fev' < 4 ’enera included in the Clavariarrae (ei^bt in Killernuin 
1928) are none too satisfactory. Interja’radinji* of some {^*(mera malces tlieir 
linuts iiHleteriuinate, and lack of iiif<>rnia,tion or inisnn{l(‘rslandin^‘ of sfnu^- 
ture of otliers Inis led to false assnmjilions. (bMiera lia\'(^ lieen set ai)ai*t vari- 
ously, but chiefly on differences in form and texture of the basldiocarf) ; dis- 
tribution of the hymenium; distinctions of head and stalk re|i:ioiis; presem-e 
or absence of selerotia ; and the nnmlier of spores borne [ly the basidia,. 
These lines of segregation fail to separate all genera distiindly. As a, result 
some forms liave been sliifted to otlier families and even new families erected 
to satisfy Auiriations. 

For example, Reiusberg (1940) has pointed out the (cynfiision existing 
between Typlmla and Pistillaria, when tlie distinction between tlieiri relies 
on bod)' form or texture. The presence of a sclerotiiim in Typhida she finds 
the only good single morphological criterion wdiich is consistently reliable, 
altlioiigli tlie presence of a swollen liyinenial portion, the clavula, would seem 
to be coneomitaiit. Except for this deflnite charactei*, representatives of 
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Pistillaria or (Uavaria ivitli equal warrant be referred to tlie genus 

Typhula. 

Numbers of spores have not proved good criteria, as witness the claim 
often advanced tliat Pistillaria basidia are two-spored whereas those of 
Typhula are four-spored (Killerman 1928, Bessey 1935). The fallac}" of 
rel>dng upon such a distinction is clear when one consuits Reinsberg’s work, 
which sliowed that two- and foiir-spored basidia occur freely in typical 
species of tlie same genus, and one species is six- or eight-spored. Nor is sucli 
variability limited to Typhula, Amongst the species of Pliysalacria observed 
some are consistently two-spored, others are consistentN four-spored, and 
again, in the same species and more particularly in the same basidiocarp, 
both two- and four-spored basidia occur. Furthermore, in CUwaria, defined 
as a two- or four-spored form, some species have six and eight spores. This 
would explain Wakyama^s statement that the Clavaria basidinm lias eight 
nuclei ; in all probability he liad an eight-spored form. No Clavaria basidinm 
of the four-spored type has been noted with more than four nuclei. 

Tlie question of distribution and position of the hymenium has led to 
vai’ious changes in the family. If only those forms wdiieh are distinctly am- 
pliigenous are to be regarded as Clavariaceae, those genera, of which there 
are several, whose hyinenial distribution is scattered will have to be classified 
elsewhere. Several such redistributions have been suggested. Krieger (1923), 
struck by the superficial resemblance of the under lobes of Pliysalacria inflata 
to the gills of agarics, proposed to move Pliysalacria into a new, transitional 
family, the Eoagarieaccae. Coker (1923) misled by this precipitate .judg- 
ment, followed Krieger ’s suggestion and consequently failed to recognize the 
genus amongst the Clavariaceae, McGuire (1939) pointed out that the fertile 
parts of P/qi/,^(/h/cr/a were not necessarily on the under side, as Krieger 
tliought, but because they seemed to be unilateral he advocated classifying 
the genus with Xhe Thelcphoraceae, Similarly Sparassis has been transferred 
to the Thelephoraceue be(?ause its hymenium occupies the under sides of the 
lobes (Cotton 1912), with which assignment Coker (1923) eoncnrs. Sterile 
lines and areas liere and there over the surface of ClaiHirki have long been 
accepted (Coker 1923), particularly in the forks, though apparently there 
is no known relationship between the distribiition of the hymenium and its 
position. Clavarias have been found with not only scattered hymenial areas 
but some blunt projecting eystidial cells. Just as in Pliysalacria^ fertile and 
sterile areas may be recognized by their denser palisade layers. In two species 
examined these areas were qnite distinct, somewhat scattered, and the fertile 
layer tapered off gradually at the stalk. This returns the question then to the 
amphigenous nature of the basidiocarp. On that basis Pliysalacria can only 
be removed if all other forms without completely amphigenous hymenia are 
removed too. 
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111 tlie lig'lit of tlie foroj^’oiiiji,' reivuirks it would o[>j)oai* thid it would bo 
more feasible first to estalilisli limits for tlie family mavai'Htcinv tliat are 
broad eTioii,ii‘li to iiKdiide tfu^se variations, rather than to si-attin* too widcdy 
those forms whieli show basii- relationshi j)s. Wlieu more eritiiod kmoNdtalye is 
aeeumiilated for tlie dilfei-ent ii:enera, re-a,rran<>:enients and transfims may lu^ 
in order. For tlie present any transfer of Phifsalacria from tlie (Ufi rariiirani 
would seem entirely iinneeessary as well as vintenalile. 

Ill i*eviewinj»: tlie published deseriptions of already established siiecdes of 
P// //.sYdoe/'d/, a faii-ly large number is found, thirteen, some of whioh do not 
a.ppear to he valid. Of the total only three liav'e been re])0]*ted from ITnited 
States. The majority of tlie remainder are from A'arlous parts of the tiYpncm. 
In addition, to [)]YW'ioiisl\' desoribed, forms, spetdmens (adleetcMl liy (I. 'Wb 
Maitin in Panama and Colombia seem to lie distimd. Inasmmti as it ^vas 
impossible to see representatives of all des('ribed spmoes, any trmitmmit of 
tlie genus as a wliole must lie tentative. However, sinee no eoiiit)reliensi\'e 
study of tlie genus exists, deseriptions of si)eid(‘s seen may lu'oi'e useful, and 
a piYivisional key based in part on pnblimitions may ser\a‘ until smti tinu‘ 
as more speeiiuens ean be eriti rally studied. 

KEY TO THE SBECIES 


1. laisidiocn i'})s prcYloiiiiiiautty giolmlar, rMg(>.s(,‘, liuMow 2. 

I. lausidiociirpH eoiiicai, usually smalt, .smooth or riigo.s(', lioTlow .1(1, 

2. Ba.sidlooarps yellow or |)ale o('hraeeou.s :i. 

iJ. BasidiocMrp.s white or cream colored, often ]n‘iiiiiose 4. 

a. Spores elongate-elliptical, Ul-1 7x2.5-41 P. PO/.or/r. 

3. Spores oval, 4x3 p, P. slilbouhd, 

4. na.si<lioca rji.s larg{‘, ovei* 1 mm. in diam. 5. 

4. IlaHidioca 1 * 1)8 small, under 1 imn, in diam 7, 

5. Ilasidia typii-ally fonr spored /*. 

5. thisidia, two- or fonr-spored (i. 

(1. S|H)reH <:)\Y)i<t"('l1iptical, X 3.5“4.5 p, l\ oritmci'ihsly, 

(). H|)ores ovoid to snliglobose, •l.rMi.ll x 3“"3.5 ((, J\ 

7. (fvstidia lacking, sjtores roughened l\ pHtiPiiisdr, 

7. Cyst,ldia- ]:> resent S. 

8 . Oy.stidia (amical, llask-shaped, 30 :< 8 p P. vllhtsu. 

8 . Oystidia chietiy ventricose-riKstrate 0. 

9. Cystidia infrequent, 22-35 X 5™l.n p /k lAiiuiUnsiL 

9, Cy.sti(lia with ('onspicuou.s red-brown resinous heads, 70 x (,5-8(— 10) p /k eoncUnnL 

10. Basidia four-spored /k Dccarjii. 

10. Basidia, two-spored 11, 

II. Spores 7-10 x 4-5.5 p /k andmu. 

11. Spores smaller, ovoid-elliptical to pyriform, 3.1-4 x 1.5-2 p, /k Siwtdar-^Mai'Pu', 


Physalacria Clusiae Syd. Ann. Mye. 28: 35. 1930. Pi}.'. 76. 
Basidionarps f>'l*>bo,se, or sliji;htly ilepressed-globose, the Iiymejiitiin 
anipliigenovis ; growing over areas measuring 1.4 eni., (•lustered oi- not, 
oehraeeous-yellow; stipes short, 150-220 [i long, 80-140 p in diam. ; hyphae 
2-4 p tliiek, irregular, rigid and i)ara]lel, i)i the stipe; eystidia more or less 
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proiiiineiit, clavate or cyliiidrieal-elavate, 20-50 x 10-20 jj, sometimes pos- 
sessing* an oily-resinous head; eystidia in the stipe short and with a thick 
covering; basidia clavate, 25-30 g, sterigmata 2-4 (-10) g long; spores more, 
or less distinctly fiisoid, directly or slightly unequal, the apex gradually 
attenuated, tlie base abruptly attenuated, possessing a few or numerous 
ininiite guttules, continuous, hyaline, 13-17 x 2.5-3 p. 

Tlie only representative of this siiecies seen was so iminature that critical 
characters could not be cheeked. The description is taken from that of 
Sydow. Described from Venezuela. 

Venezuela: Puerto La Cruz, Dec. 30, 1927, Svdow, 760, type (in Farlow 
Herb.). 

Physalagria stilboidea (Cooke) Sacc. Syll. Fung. 9: 256. 1891. Pistil- 
lina stilboidea Cooke, Grev. 19 : 2. 1890. 

From tlie description of this fungus in Saecardo, it appears to be eliar- 
a(*,terized by fleshy, gregarious basidioearps, pale oeliraeeous, stipitate, erect, 
capitate, minute, scarcely 3 nun. high ; the head is globose-depressed or 
globular, hollow, hymeniferous, 0.25-1 mm. in diam. ; stipe cylindrical, equal, 
solid, pruinose, 1.5 mm. long, expanded at the base; basidia eylindrico- 
elavate, hyaline ; spores liyaline, 4 x 3 p. 

Described from New Zealand. No speeimens were available for study. 

Physalagria inplata (Schw.) Peek, Bull. Torr. Club 9 : 2. 1882. Mitrula 
infUita Schw. in Pries’ Elenchus Fungorum 1: 234-235. 1828. Eoagaricus 
(Schw.) Kr. Md. Acad. Sci. 3: 8. 1923. Figs. 1-68. 

Basidioearps gregarious, sometimes eonflueiit, or scattered, white, capi- 
tate, globose to subglobose, much folded at maturity, hollow, up to a few 
cm. in, diam. ; borne on a distinct stalk, centrally or laterally attached, solid, 
tapering from base to apex, often pruinose from projecting eystidia; 
hyiueniuni occurring only in restricted areas over the surface of the head, 
c()m.monly ou the side directed downward; eystidia of various form: ventri- 
cose-rostrate 26-52 x 4-10 p, projecting above the surface as much as 30 p; 
fusiform eystidia abundant in the sterile areas, less eominon in the fertile 
tissue, 40-50x4-6 p, the tip occasionally thickened, projecting up to 50 p; 
parapliyses amongst the basidia non-emergent, iinei.icriisted, 27-31 x 2-3 p ; 
basidia four-spored, 15-18 x 4r-5.5 p ; spores liyaline, nninucleate, ovoid- 
elLiptica], 4-6 x 2,5-3.5 p ; growing on dead Avood or leaves. 

Canada: Ontario, Aurora, Sept. 25, 1934, iK. F. Cain 3M (); Loudon, Oct. 

26, 1889, Dearness, ex Ellis Coll., 980 (in Herb. N. Y. Bot. Gard.) ; Ontario, 
MagnetAAiui, Sept. 1921, L, Cl G. Krieger 1310 (in Herb, llniv. Mich.). 
TTntted States— PENNSYLVANIA : Keshan Pall; new nAMPsniRE,: Shelburne, 
June 1888, Farlow, ex Ellis Coll; Maryland: Aug. 5, 1S91, Sturgis; (in 
Herb, N. Y. Bot. Gard.) ; Wisconsin: Door County, Jacksonport, July 25, 

27, 1935, Baker 124; Nebraska: DeWitt, June 12,' 1938, J, M, McGuire (in 
Herb. Univ. Iowa). 

Physalagria orinocensis Pat. and Gaill. Bull. Soe. Myc. Fr. 4 : 41. 1888. 
Pigs. 77-82. . ' 

Basidioearps globose, fairly smooth w^hen young, becoming* lob ed and 
gyrose with age; white to cream to buff when dry, 0,58-1.6 x 0.55-2 imn., 
borne on straight or slightly curved, slender stalks, 0.55-0.75 (-3.5) mm., 
sometimes expanded basally, but not projecting far within the head, and 
terminating there in a few uneven straiids; hymeniiiih not amphigenons, 
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15-24 [..I tliiek; siibhymeiii'uit.i scuiit, rather coarse, about 10 o tliiek, resting* 
on a tl'iiii 'biyer of reticulate liypliae; cystitlia numerous, ve,iitri(a)se“rostrate, 
often, qui.te birge atid (a.)uspi(,';uo'Usly encrusted; smaller fusiform and iinen- 
crusted c>*st,idia., not ]).roje(ding', 12— 18'X 3 g ; basidia^ four- or two-spored, 
18-22 X 4r^5 p, sterigraata (2-)3~3.5 p long; spores ovoid-ellii)ticaJ, s()iiieti,‘ines 
liatteiied sligditlv on one side, latei'allv a])iculate, I'arely guttulate, 6- 
7.5 X 3.5-4.5 p, 

Venezuela: Jid,.y 1887, HI, type (in .Far low Herb.). Philip- 

pine .Islands: Luzon, Mt. Maqiiiling,, Oct. 1920, Beinbing 10034 (in Harlow 
Herb.). Frenoii Indo-Ciiina: Tonkin, Ke So, April 6, 1891, Bon 4696 (in 
Harlow Herb.) ; Hanoi, Demange 399, ex Herb. Pat., 1858 (in Harlow 
Herb.). 

Physalacria aggregata Martin and Baker, sp. nov. Figs. 88-93. 

Gregaria vel eonferta ; capitiduni subglobosum vel ellipsoid euin,_ lobatum, 
ca,vnni, album, sieco oeliraeeum, ().5“2.4 x O.l-l.l mm.; stipes tenuis, 0.9— 1.8 
mm. altiis; eystidiis duplieibiis, ventricosis, rostratis, 50-54x9-12 p, et fusi- 
forniibiis, inerustatis, 50 x 10 p; basidiis 4-sporis, rare 2-sporis; basic! iosporis 
ovoideis vel snbglobosis, 3.5-6 x 2-3.5 p. 

Basiclioearps more or less s])berical, somewdnit iri*egubir, lofied, 0. 5-1.2- 
2.4 X 0.4—1. 1 mm.; white when young, drying ocbraceous; stalks slender, 
mostly central, 0.9-1. 8 mm. liigii ; the head hollow, tlie stalL |)rojeeting 
sliglitlc’' into the cavity, ending in a few scattered sti*ands oi* liyphae ; 
li.-c^menium distributed irregularly over the snrfac^e, fi*om 10-15 p tliiek, 
resting on a compact layer about 10-13 p thick, composed of I’atlnrr fine, 
interwoven hypliae; stalk of parallel byphae which ai‘ise from a, basal zone 
of pseiido-pareneli>nna and terminate in the bead in a, compact anastomosed 
mass, not strictly pseiidci-parenehymatous as in. P. andina, finally dissipat- 
ing in a few strands passing outwards to the nmrgiu; cystic! ia, of the ventri- 
eoscurostrate type 50-54 x 9-12 p, originating well below tlie hynieniiim and 
projecting about 8-10 p ; encrusted cystidia 50 x 10 p ; parapbyses in the 
liynieniinu 22 x 3 p ; basiclia ( 10-) 12-14 x 2.5-4 p, four-spored, rarely two- 
s|)orecI; steriginata about 3p long; spores ovoicl and flattened on om> siclcv 
to subglobose, with a dednite lateral apic.nl us, rarelv sorm^Avluit rt^niform 
(3.5-)4.5 6.0 X (2-) 3-3.5 p. 

Fanama: Ghiricpii, Vallcw of up|)er Bio Chiri<|ui Vic‘jo, July 1, 1935, 
G. IF. Martin. 3360, 3361, type, 3331, 3331(1, 3586 (iu Herb, lliiiv, Iowa) . 


Explanation of figures 56-68, 

lOiymlaeria vnfiaia. Fig. 56. Detail of sterile surface cells, .iiicludiug two ventricose 
rostrate cystidia. x .1250, Fig. 57. Young fusiform cystlcUum, pred'uslon, from sterile 
surface of the head, the surface level marked, x 1250. Fig. 58. ’Nuclei dividing in a 
cystidium from the margin of a stalk, x 1250. Fig. 59. Pre-fnsion, two-nucleate cystidium 
from surface of tlie stalk, x 1250. Fig. 60. Sterile cell from sterile zone with the uuelei 
fusing. X 2060. PiG. 61. Sterile cell from sterile zone, the post-f usion nucleus dividing. 
X 2060. Pig. 62. Division of the post-fusion nucleus in a, sterile surface cell, X 2060. 
Pig. 63. Ventrieose-rostrato eystidiiim, two-nucleate, and pre-fusion, x 2060. Fig. 64. 
Fusion of nuclei in ventricose-rostrate cystidium. x 2060. Fig. 65, Prophase of post- 
fusion division in ventricose-rostrate cystidium. x 2060. Fig. 66. First division of fusion 
nucleus of ventricose-rostrate cystidium. x 2060. Figs. 67, 68. End of the first division 
in the veil tri cose- r()st rate cystidia. X 2060. 
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Pin S'\LACR!'A Bambusae YOB Iloluie], Sitz,-ber. Akad. Wiss. "Wien. 118: 
290. 1909 

No iHatei'ial of this spe('ies was seen. Aoeordinj^' to tlie publislied desc^ri!)- 
tioii tli(‘ ^Te^'iirioiis bas'uiioea;rps are froiu white to soinewluit A'ellowisli when 
dry, with hea.ds ii|) to 330 p broad, vesicnilar, liotlow, j^lobular oi* ovoid, 
ta.|)ei‘iBy when dry; stipe solid, eyiindriiail, of tliin |)arallel or iri*eyniar 
lu'phae 3-5 p tiui-k, 36()-45{) > 40-60 p ; eystidia laekiny;*; basidia 12 14 x 
3—1: p wit!) 4 awJ-sliaped stei*ij 4 ‘niata, 5 p spores hyaline, ^iohose, finely 

i’on< 4 ’he:ned, 3-4 p ai-ross; on dead bamboo eanes. Deseribed froivi Java. 

The lack of c\'stidia and tlie faintly ronaliened spores slionld distinyuisli 
this species clearly. 

PiiYSALACRiA viLLosA Petcii, Anil. Roy. (lard. Peradeniya 6: 206. 1917. 

Since no material of tins form wTis available, Peteh’s accMinnt is yiven in 
b]*ief. Basidioearps wdiite, heads jrlobose, up to 0.4 nnn. in diani.; stalk np 
to 0.7 mill, hiyh, tapering* from base to apex, 0.1 nun. -40 p respe(d ivelvp 
twisted above, fibrous, roii<i:h, with minute crystals and covered witli (*ys- 
tidia, 30 x8 p, thiek-wailled, sometimes sub-capitate ; basidia four~spored ; on 
deml leaves. From Ceylon. 

ItiiYSALACRTA OONOINNA Syd. Anil. Mvc. 28: 36. 1930. 

Basidiocai‘ps solitary or ^‘re^'arious, Avhite or yellowisli-white ; stijies vei'y 
sliort, 140-180 p hi<>‘h, 200 p wide; head ^iobnlar oi* subylobose, collapsinjt* 
in the center when dry, very finely farinose, 350-600 p diani.; hyphae 1-3 p 
thick; eystidia, scattered, elavate or cylindricaJnlavate, up to 70 p lonp;, 
6-8 (~10) p w^ide, sometimes capitate, often red-brown, oily, resinous; 12-15 n 
in diain.; basidia elavate, 18-22 x 5.1-6. 5 p, 2 or 4 stei‘iyinate ; steri^’mata 
3-5 [1 long* ; smaller eystidia abundant among the basidia, acute, n}:> to 28 p 
Jong; 5-6 p wide in tlie mid-region ; spores oblique-oval, apex a little attenu- 


Explanation of figures 69-99 

ritjisalacrki andina. Pig. 69. Habit slut-ch of baHidiocarps, from Marlin ddSlK * 14. 
Fig. 7(1. rjongitiicliual section, diagranmiatie, tlivougli a liasidiocai’]) from Mari in .//W. 
x30. Fig. 71. Basidia from type material, x 947. Fig. 72. Spores from tla^ lv'{»e mat (‘rial, 
v947. Fig. 74. S{)or(*.s from Marlin d4Sf), x 947. Fig. 74. Pi'tail of }>S(nid() pareiu4iynia 
at toi> of stalk insldt* cap of a, basldiocarj) from Marlin ddSIK <460. F'ig, 74. Uystidia 
from type matm-ial, the siirfae(‘ marked, x 947. 

Pliymlacria (Muniav. Fig. 7<i. Ilabit sketeb, typ(‘ material. >: 1 9. 

Phijsalacria. orin()(U‘nnis\ Fig. 77. Habit sketch, 4696. x 14. Fig. 78. 4'lire(‘ eystidia 
from 10044 and 4(396. x 947. Fig. 79. Baraphysis from liymmilum, 4696. >1)47. 1 ‘'tg. HO. 

a. Spores from 299. x 947. b. S])or(‘s from 10044. X 947, Fig. (SI. Diagram of internal 
structure from a section of 10044. x 45. Fm. 82. Basidia, 299. x 1550. 

Phymlacria Langlaim. Big. 84. Kalnt sketch, 91. x 14. Fig. 84. Barafthysis from 
type. X 1550, Fig. 85. Basidia from type, x 1550. FiG. 86. Dystidia f i’om type, x 1550, 
Fig. 87. Spores from type, x 1550. 

Physalaeria ayyregata. Fig. 88. Habit sketch, 2261. x 14. Fig. 89. Diagram of 
section, 2261. x47. Fig. 90. Oystidia from 2261. x 937. Fig. 91. Parapdiysis from hy- 
menium of 2321. x 937. Fig. 92. a, Basidium, 2321. x 1550. b, Basidia, 2261. x 1550. 
Fig. 93. a. Spores, 2231. xl550, b. Spores, 2260. x 1550. e. Spores, 2261, X 1550. 

Phymlacria Sanedae-Martae. FiG. 94. Ilabit sket(4i, 3654. x 14. Fig. 95. Dili gram, 
of longitudiiial gectio.Ti, 3654. x 14. Fig. 96. a. Cystidium, 3485. x 937, h. Cystidiiim, 3654. 
x 937. Fig. 97. Ha]»it sketeii, 3485. X 14. Fig! 98. Basidia, 3654. x 1550. Fig. 99. a. 
Spores, 3654. X 1550. />. S|)ores, 3704, X 1550. 
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ated, the base riaivuled, ap:‘u'/ulate, a])ieiiliis iiiiilatt^rab 6-8 x 3.0- 

3.5 [ 1 , (a)Mtiimoiis, liyaliLe. DestM-ibed from Venezuela. 

No examples wer<‘ seen. 3die forej^’oinj;* is tak(*n from S>'dow’s iieeinint. 

Pii'YSALAcanA JjANOLOisii Ellis and Everliart, Jomr. My(x 4: 73. 1888. 
BMg’s. 83-87. 

This spe<des, orij^inall)" described from the soiiflKa'n United States, is 
now more Y’idely distril)uted. Basidio(*ari)s wliite os’ stiji'litly yellowish, with 
bea.ds fiami svd;)j^lob()se to somewhat attenuated or depressed above, becom- 
ing’ hollow at matiirity, 0.25-1 nim. in diam. ; stalk librous, slightly piibt^s- 
eent, 0.3-1 mm. or more long, usually very long in proi)ortion to tlie whoh‘ 
basidiocarp ; surface of tlie liead not amphigenous; cystidia 22-28 x 5-7.5 p, 
projecting 7-13 p above the surface, (according to Ellis and Everliart tlie 
cystidia are 30-33 x 15 p), clavate, often with a median constriction, or 
ventricose-rostrate, but never very abundant; paraphyses with the has id i a, 
more or less fusiform, 12x2 p; basidia 1 1-13 x 2.5-3 p (Ellis and Everhai’t 
say 12 X 2.5-3 p) ; f()vir-sp()re(l, sterigmata sliort; spores ovoid-ell iptieal, 
sometimes flattened on one side, or more rare]\' a little reniform ; a|)i(nilus 
rinilateral, 4.2-5 x 1.5-2 p (Ellis and Everhart say 4.5 x 2-2.5 p). 

TTnited States — Louisiana: Langlois, type, (‘x Heil). Ellis, (in Ffirlow 
Herb.). Florida: Coconut Grove, Thaxter 91 (in Parlow Herb.). 

Physalacrta Decaryi Pat. Mem. Aea,d. Malgaithe 6 : 10. 1027. 

Ba,sidi()(3arps entii*ely wliite, on decaying wood, in small tufts 3-4 rmn. 
in extent; lieads cyliiidrieal, truncated at tlie top, liollow, attaining a heiglit 
of 1 mm.; eystidia hyaline, projecting, 25 x 9-10 |i, with an apical beak; 
spores hyaline, ovoid, 3-4 p; stipe slender, 150-200 p thick, beai’ing cystidia 
whicli are 45 x 12-15 g, also ending in a beak. 

The a,uthoi*’s descriiition is drawn upon foi‘ tlie jireceding ax^coiint, In 
addition he remarks tliat this s]>e(*ies is ver.\" (Oosely related to P. andina and 
P, orinoceims, but tbat it is distinguished by its (cylindrical form witli tb{‘ 
triuu'ated summit and l)y the beaked cystidia. No siXM-imens were olitained 
for examination. Described from Madagasc^ar. 

PiiYSALAcRiA ANDINA Pat. EssaJ 331X0110110(111(3, 50. PiOO. Plii 9 st(lavri(i 
oriHoceiisis va,r. andimf Pat. and G. de Lagerheim, So(‘.. Myio Pi\ Bull. 9 : 136. 
1893. Phiimlacria tenem Syd, Ann. Mym 28 : 33. 1930. Pigs. 69 75. 

Two speciiiK^iis from PatoiiiMard’s h(*rl)arium were (examined, oiu^ of 
whieli was the type. Examinations were made in a hK^to-plumol pre])a ration, 
in addition to which one basidiocarp was imbedded and s(Xdi(me(l in ])araffin. 
Tlie ty]>ical P. andlma l)asidio(*a,rp is from (hdinitely couica.! to acuiiniuitx^ 


Explanation of figures 100-105 

Fhysalacria inflata, Fic. 100. Diagrams sliowiug cilstribution and fr(*qiieiuvy of larg(j 
projecting cystidia in sterile (upper) and fertile (lower) surfaces witli tin? surface level 
and limit of liymcmial layer marked with dotted Imea, A,rea,s e(|iiival(mt in (3xt(:3nt. X 550, 
Fig. 101. Diagram of basidiocarp showing hymenial distrUnition limited to tlie lower sin*- 
face. Fertile areas represented hy dotted lines, x 15. Fig. 102. Diagram of basidiocarp 
with irregularly distributed hynieniiim, at times practically ainphigenoiis in its surfaxio 
distribution, x 15. FiG. 103. Diagram of basidiocarp showing hymenial distribution on 
surfaces away from tlie stalk region, x 15. Fia, 104. Disigrammatic. view of thr(‘e ('.onnate 
basidiocarps with hyiiieiiial surfaces on botli under and upper sides, x 7,5. Fic. 105. 
Diagram of basidiocairp witli very irregular hymenial distribution, x 15. 
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fvolii the very !)eginiiiie 4 * aiui only rarely is tiie head curved or jlexuous, 1 - ‘ho 
iirrii. Iiiyii, 0.3-2 imii. across; sta,lk relatively short at uiaturity, 0.3-0.75 
ex'[)a:ii(i{‘d head 1-2,4 x ().3;>--1.2 Biiu. ; surface suiooth or sii.^’htly rni^’osej 
yliite to d('e|) creaiu when moistened, appearing' decidedly farinose; .hollow, 
but tlie entire (oivity |)enetrated l)y sturdy Iiyi)ha.e radiatiiry .f:i*oin tlie pst^ndo™ 
])arench\'iuatous end of the stipe which extends about lOO-OOO p inside tfu‘ 
iiead; stalk hy])hae (a)nii)act, parallel in ai-rau^a'inent, witli soniewliat thick- 
ened walls, bituieleate cells; not amphig'enous, the surfaiw distinixiiished b>' 
defiiiite fertile and stei-ile parts; fertile area c()m[)osed of hymeuium, 25-30 p 
tliick; sithliyineiiiiiin, 15-20 p thick, defined ; and a ])asal retic'uliun 

which conne(ds with the strands from the stalk; cystidia, eluefl>^ ventricose- 
rostrate, 30-40 >; 12-15 p, projecting' 15-22 p above the surface; basidia, <H)in 
sisteiitly bispored, (20~) 22-24 x 4-5 p, sterio:inata. about 3p long; spores 
from ovoid to sr!l)gl(>bose with a definite apleulus, binueleate, 7-10x4 4.5 p. 

Because of tlie dried (U)ndition of the material when fixed, no satisfax'toio' 
evidence of nuclear beliavior in the basidium eould be obtained. Presnumbh' 
tlie basidia, are four-nucleate and two mnvlei mo^'e into eaeli spore, for* no 
division figures in tlie spores were in evidence at all. 

P. tencra Byd. is liere regarded as the sanu^ as P. andlna Fat. (krrtaiitK’ 
tlie material examined gave no justifieation for luaintaiuing the i’ormer as a 
separate species. The basidioearps measured 0.75-1.2 iinn. x 0. 5-0.8 :mm., 
with stalks 0.4-0.75 irim. in lieiglit. These iiiea.su remen ts ai*e a, little inulei* 
those which Sydow gives (0.75-1.5, rarel\' 2 mm., with stalks 0. 4-1.4 mm.), 
and botli sets of measures are under those of P. andina. In section there is no 
critical difference between them, howe'ver, Cystidia range from 4()~5() p and 
pirojeet for 15-25 p. The basidia, bispored, are 23-29 x 4-4.5 p (Svdow <| notes 
20-25 X 5-6 p) ; spores 7-10 x ‘^1-5,5 p ; Sydow says 6-ll(-T2) x 2.5-3.5 (-4) . 

A. collection from Colombia, Martin 3489, is nndoiilitedly to be jiK'liided 
with the foregoing. The basidioearps, typically conical, lueasnre 0.8 -1.2 >< 0.4- 
0.6 mm., witli stalks 0.3-0. 5 mm. Their appearaiua^ in seedion Is tlie same as 
tlie preinaling forms. The liasidia, bispored, range from 20 to 22 x 4.5 ji ; the 
spores are bi-iiiudeate, (5.5-) 8-9 x 3.5 - 4.5 p. The variations in siz(‘ auiongst 
these basidio(axr|)s ami theii* basidia and spores is not ex(*essive enough to be 
significant. Tlie similarity of the inteima.l stnnduri* in all three leavers litth‘ 
doubt that tliey eannot be separated. 

Eoitador : Ibibilaliua, Fel). 1892, dr Lagvrhrhn, tvi*e (in hkirlow Ibu.d),) ; 
Miircdi 1892, dr JAi{j(rlumn (in Farlow llerl).) ; inter El Ijimon td Colonia 

Tovar, Jan. 19, 1928, II. Sijdow 739 (in Farlow Herl).). Colomu'ia iviauda- 

LENA: Sierra Nevada de Santa Marta, Hacienda Cincinnati, Aug. 18, 1935, 
G. W. Martin 3489 {mllevh, 'limy, 

Physalacria Sanctae-Martae M'artin and liaker, sp. nov. Figs. 1)4-99^ 

Gregaria; capital um ellipsoideum vel coiiicum, cavum, album, siciuim 
sature ochraceum; stipes tenuis, 0.8-1. 6 (-5) mm. aitus; cystidiis frisiformi- 
bus, parietibiis supra erassis, 35-46 x 8-10 p; basidiis 2-sporis; liasidiosporis 
ovoideis vel piriformibus, 3.1-4 x 1.5-2 p. 

Basidioearps well developed, ellipsoidal to somewhat coiii cal, pure wdiite, 
with conspicuous infoldings, 1.4-2.5 x 0.8-1.5 itim., supported by a slender, 
centrally attached stalk, (I8-1.6(“5) mm.; pendent; byiueniuin not amphi-« 
genous, 10-15 p thick ; siibhynieninm slight, about 5 p, resting on a reticnilum 
40-45 p tliick; cap entirely hollow, the stalk ending abruptly, in a manner 
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siiiiilar to tliat of F. inflaia; eystidia not promiiieiitl.y beaked^ tapering* 
marke(lly, the surface thickened for approximately one-tMrd the leiigtli, 35— 
46 X 8-10 g, projecting about 12 p; basidia two-spored with slender sterig- 
inata, 10-12 ;< 1.5-3 p ; spores small, ovoid-eriiptical to pyriform, apiciiliis 
].ater a 1,3. 1-4 x 1 . 5-2 p . ■ 

(k)LOMBiA — M aodalena : Sierra Nevada de Santa Marta, Hacienda Cin- 
cinnati, Ang. 18, 1935, G. W. Martin 3485, type (in Herb. IJniv. Iowa) ; 
CeiTo Qneinado Trail, Ang. 23, 1935, G. W. 3£artin 3654, 3704 (in Herb. 
ITiiiv. Iowa). 

SPECIES EXCLUDENDxiE 

PJ) ysalaoia rugosa Eiek, Broteria 5: 12. 1906. This species is described 
as represented by basidioearps nearly 0.5 nim. in diam., hemispherical, 
fleshy to somewhat waxy, rugose, stalk priiinose; basidia clavate, 25 p, sterig- 
mata 3-6 p long ; spores 3.5 x 2 p, siibhyaline ; on wood. Described from 
Brazil. 

Llo>al remarks (17) ^Hhere has been recently a species {Physalacria 
rugom) named from Brazil, which I judge from the description is the same 
as oiir United States’ species.” 

Two collections of Rick’s jmrporting to be this species were examined 
but neither ])roved to be a Phymlacria. Until authentic material is found it 
had best be assumed that the species is not a good one. 

Brazil: Sao Leopoldo, Rio Grande do Sul, 1929, Rick; 1928, Rick, ex 
Herb. F. Theissen, (in Parlow Herb.). 

Physalacria solida F. E. and S. E. Clements, Exsicc. Colo. Fungi. The 
specimen seen did not present typical physalacrian cbaraeters, in particular 
the basidia, which were apparently a heterobasidial type. For this reason it 
must be excluded from the genus. 

United States — Colorado: Minnehaha, Sept. 7, 1906, F. E, S, S. E. Cle- 
nioifs 333 (in Farlow Herb.). 


SPECIES DUBIA 

Physalacria changensis Rost, in Sacc. Syll. 17: 203. 

The author wishes to acknowledge her indebtedness to the staff of the 
botany (lepartmeiit of Columbia Universit}^ for placing the full facilities of 
tlie department at her disposal during the preparation of this paper, and in 
particulai* to Professor J, S. Karling for the reading of the manuscript ; to 
Professor G. W. Martin of the llniversity of Iowa for his tropical collections, 
tlie naming of tlie new species, and his continued counsel ; and to the Parlow 
Herbarium of Harvard University for the use of the library and herbarium. 
Department OP Plant Science, ■Vassar. College 
' Poughkeepsie, New^ York 
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PAPULASPORA GLADIOLI 
11 0. DodgB: and Thomas Laskaris 
(with two figures) 

Miieii work luis been done during* the past thirty or forty years on conn 
tiiseases of gladiolns. AVhen the complete story is not yet known there is 
bound to be some eonf iisioii regarding those symptoms which can be used to 
distinguish rots due to particular organisms or agents. Paragraphs with 
practically identical Avording have been published to describe certain phases 
in corm diseases Avhicli were claimed at times to be due to three entirely dif- 
ferent fungi. If one compares lists of symptoms given by various authors 
characterizing scab, heart rot, dry rot, and Fiisarimn rot, he will see the need 
for a, much more careful study of all corm diseases to determine whether the 
same disease conditions may not be due to different sets of organisms or 
agents at dift'erent times and under different environmental conditions. Not 
enough attention is given to the Avork of bulb mites, thrips, and other organ- 
isms, Avliicli pave the Avay for invasion by fungi that may be at most only 
Aveak ])arasites, so that one attributes the disease to a certain species at one 
time and to some other species at another time. 

Under the title ‘‘The ‘smuU disease of Glacliolus/^ the AATiters (1941a) 
have pointed out that there is eAudenee that the fungus Avhich all previous 
authors, including Wernham (1938) and Znndel (1939) in America, have 
assumed to be a true smut fungus, Urocystis Glaclioli, merely the Papula- 
spora stage of some other fungus, probably an Ascomycete ,* at least it is not 
a smut at all. We have found the fungus at various times on about 20 per 
cent of diseased conns (ffg. 1 A) in collections made from a eominereial 
storage lioiise. A core-rot disease caused by a Sclerotinia (Botrytis) is being 
furtber discussed in another paper noAV in press (1941b). It is true that 
there is a great similarity betAveen the bulbils of certain species of Papula- 
spora md the spore-balls of a Uroeystis. Figure 2 B, C, shoAVs two bulbils 
of tlie gladiolus fungus. 

The method of origin of a spore-ball of U. Colchici^ as figured by Winter 
(1876), is much like Avhat one sees in a young culture of our Papidaspora. 
While a few smut fuugi have been induced to complete their life cycle, form- 
ing cdilamydospores in culture, it requires special methods of culture and a 
long time for the smut to reach maturity. This Papidaspora produces its 
bulbils (fig. 1 B, C) in great numbers within a week^s time. Each fertile 
cell of a Urocyystis BpoTe-'bdill theoretically contains two haploid nuclei at first, 
and these fuse at the maturity of the spore. The eentral cells of a bulbil of 
this are inultinucleate, as is readily shoAAUi iii cytoiogical prepa- 

rations. The lighter colored boundary cells also contain three or four, or 
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Fig, 1 A. Conns showing tyjics of lesions and imaiiiiulications on which iiuits of 
inyeeliuin and bulbils of Papfdaspom Gladioli are formed; B, various types of liulbils; 
G, Imll/ils on stalks and cdiaracderistic mycelial liypliae. 
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even more nuclei; tlie liypluil cells are also multiimeleate (%. 2 E, F). The 
cytological |)ietnre alone ivoiild serve to distinguish tlie bulbils of our 
Fa puhispfira Iroin the spore-balls of a Urocystis. The myeeliuni is also quite 
unlike tluit of a Uroeystas. It is more like the mycelium of an Aseoniycete, 
such as Plcaraye or AHeoholus. The senior writer (Dodge 1920) proi^d by 
single as(-os{)ore cultures that Ascoholus mmjmficiis has a Papulaspora stage 
(F. aiagiiifica Ilotson). The bulbils have, as a rule, a single large central cell 
which is riiultiiiueleate, as are the outer pale brown border cells and the cells 
of tlie vegxdative hyphae. This Ascohohis is lieterothallic so that races from 
single aseospores bear only bulbils. "When two races of opposite sex are mated, 
not only biilliils but also aseocarps are developed. 

()n germinating, smut spores form some sort of a promycelium and the 
niuOeus viudergoes reduction. The cells of these bulbils of Papulaspora germi- 




PiG. 2 A. Method of germination of bulbil. The hyaline swollen germ tube basal eell 
is more or less characteristic, so metbing like the pro-germtube of aseospores of Ac^ro- 
spora; B, bulbil with one large central cell ; 0, bulbil with 3 eeiitral cells; I>, young bulbil 
and its stalk; B, miiltmucdeat^ hypbal cells ; semldiagrammatic figure showing location 
of nnelei in a section 5> thick of a bulbil. (Drawings by W. L. Orahain.) 
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iiate A’ery readily (fiy;. 2 A) witli simple or bniiieliiiiy ^eriii tubes, wliic^li 
develof) into ordinary liy|>liue Avitli vaeuolate cells and very definite (n'oss- 
wails upon Avtiicti tliere are several dee'ply staining 5 i:ra;nules 2 E), 

Flg’iire 1 C siiows ttie l)ull)ils borne laterally on stalks. 

Tlie firng'ns yrows very readily on iiiaiiure, de('aAdn<j;' fruit and V(*j.>’etab}es, 
arid various a|»'ar in edia. Oiu'C it becomes establislied in tlie soil of a gladiolus 
planting' or in storage lioiises on debris, it could easily develoj) whenevtu’ con- 
ditions Avere suitable as they are on conus Avbich are diseased or decaying. 
Penicilliimi certainly aggravates storage troubles. The Papulaspora nniy live 
mostly as a- saproplrvte, but also as a very Aveak paA'asite, furtheriug rot or 
disease priniarily due to some otliei* agent. 

Smith (1876), avIio first illustrated spore-balls of Urocj/stis Gladioli, was 
a, real artist. He showed cells of the Imlbils readily biAuikiug a-|)art just as 
tlie}' do in spore-balls of Uroeysfi.^. His il lustrations are very diagrauiuiati<g 
so that the separation of the fertile from the sterile (udls nniA' have been 
idealistic. Brefeld, Magnus, and many noted mycologists have siiU'e iiplield 
Smitli’s conclusions, Imt it should hi' remembered tliat Ids work on fecunda- 
tion in Coprimn and the formation of oosjiores In’ Pliyiophfhora infesfaiiH 
has long since been discredited. 

Since tliere seems to be little question tliat the fungus litu'etofore repoi'ted 
as Ilrocystis Gkidioli Requien (Smith) is a. good Papiilaspfmf^ we pro]Aost' to 
call it Papalaspora Gladioli until some one finds the ])erfe(*t stage. If 
Keqiiien^s type is a leaf smut tlie combination wonld sim|)ly lie Papalaspora 
Gladioli (Smitli). Uredo Gladioli Ilecjuieii was descrilied in 1880, so timt 
tlie s[)ecific name will hold if one is guided b}' eoimnon sense and not by the 
style demanded by tli(» rules of uomenclatrire ))revajling at tlu‘ moment. 

The genus Papalaspora Avas eslalilished h\' Preuss (1851), tlu» type spe- 
eies lieiiig l\ svpedoniohlvs. Ilis colored jilate sliows the fungus on deca^diig 
ajiple, and mycelial wefts b(‘aring many sporidialls on bitm-al lii’anclies. lu 
general the dlnstratiims would serve \avy well for* P. Gladioli, alihougdi in 
detail tliere are some important differences (tig. 1 B, (!). Ilotson (1912) 
ado[)ts tlie spelling Pa pulospora, hut tlie original spelling liy Pi*euss is 
Papidaspora^ A\iiicl) lie used on two dilferent occasions tlie sann^ yiuir. 

We liave examined siiecumens of several species of Papnlaspora in tlie 
herbarium of the New York Botanical Garden. Mucli of this material had 
been examined by Hotson in former years. Of these P. rahida is perliaps most 
similar to P. Gladioli Specimens identified as P. sepedonioidcs by Sturgis 
liave bulbils wliich are too small for our fungus. We are not eoncerned here 
Avith, listing synonyms, bnt we wish to inelude in the emended description 
measiirements of the bulbils and one or two otlier diagnostic features* Tlie 
original description of Uredo Gladioli by Eequien (Duby .1830) is as fol.lows : 

''IT. Gladioli (Reqviien in herb. DC.) bifrons, macnlis circa bitescentibus, 
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aeerviilis siiborbienlaribus sparsis coiifertisqiie coiivexis epideriiiide 

bvillata elaiisa teetis, sporidiis subgiobosis sessilibns retieiilo pelliicido tenn- 
issiiiu) obMilutiw — In Gladiolo circa Avenionem (cL Req.)-’’ 

Smiili’s account (1876) of the fuiigns on conns is more to the point: 
'‘Sori (or clusters of spores in blisters) obliterated or effused, spores large, 
I'oiuponnd, consisting* of froin 3 to 6 inner cells and a larger indefinite iiiiiii- 
ber of transparent outer cells, both series of cells being fertile. Habitat — On 
and in conns and scapes of Gladioli/^ Smith saw inycelia of various fungi 
and as decomposition progressed the conns were totally destroyed by ''di- 
verse fungi, infusoria, nematodes and mites. The "disease^’ was eomiiion 
in England tliat year, but he does not say the spore-balls were found on more 
tlian tlie one (airm first mentioned. 

Our emended description follows : 

Papulaspora Gladioli (Reqnien) Dodge and Laskaris, comb. nov. Mj- 
celiiim white at first, procumbent, profuse, matted; hyphae septate, cells 
inultiiiiicleate; bulbils on septate stalks, from light to dark brown in mass, 
spherical, 29-64 g in diameter with from 1 to 6, occasionally more, central 
dark brown, niiiltiniicleate cells surrounded by a single layer of light brown 
cortical cells, each with several nuclei. Bulbil primordiuin a lateral branch 
ending in a coil. Cells of bulbils germinate wdth simple or branched germ 
tubes ; in culture bulbils mature quickly, from 4 to 10 days; conidia not seen. 

Moore (1939) of England gives the symptoms of the disease in some detail 
in the paragraph "Smut, Uroeystis Gladioli (Eeq.) (W. G. Sm.).’^ 

"Leaden-coloured, rounded weal-like swellings with yellow margins 
occur on the corms, steins and leaves of affected plants. Later the skin over 
these swellings splits, and the dark brown powdery spore masses of the fungus 
lying below it are exposed. Badly attacked coinns may be destroyed and 
laMlin-ed to a bhickisb-brown powder that consists almost entirely of the 
spore balls.” 

Tills description is clearly a free translation of that given by Pape 
(1927). Moore includes along with his description a number of references 
from whicli it would seem that Van Poeteren (1924-29) at one time carried 
on experiments for the control of the "smut” disease, which had been 
troublesome in Holland, especially on the variety Peach Blossom. It was 
found that by dipping the corms before planting for a period of not more 
than one half hoiir in w^'ater kept at 110'' P. (43.3® C.) the fiingns can be 
killed and the disease controlled. We have immersed enltnres of Pii'imlas'pora 
(HaclioU ill water maintained at 44® C. for a half hour. Transplants from the 
treated culture gave abundant germination of the bulbils within twelve 
hours. Treating the eorins at 43.3"^ C., therefore, 'wonld ceiTaiiily not be very 
effective. ( . ^ 

Pape (1939) says the sori are also foiind on leaves and stems. We can not 
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beliex'e tliat Papidaspord GhidioH would ])e sidficieutly parasitii- to cittack 
liA'-iiiij;’ gi.^een leaves or steins. 

SUMM ARY 

Tlie so-ealled wimit disease ou gladiolus lieretofore eousidered to he eaiised 
hy UronfsfiH Gladioli ( iteq.) Sinitli, lias beeu sliowo to lie a species ot Hie 
foriu g’eiiiis Pajjulaspora’. The luidtiimcleate coiulitioii ot the ]i\'phal cells, 
central and border cells of the bulbil, and the method of ^termination all 
clearlv' indicate tliat the funjtits is not a smut fung’us. Neither a fusion 
nucleus nor a proinYcelium at jt'ermiuation is evident, and mature spore-batls 
are formed in culture witliin a week’s time. The bulbils are produced on side 
branclies of a, mycelium wliich ^rows more or less su];)erflcially on diseased 
conus. PoAvdery masses of the dark brown bulbils enclosed beneatli the s(‘ales 
or in caviti(\s in slirunken diseased tissue simulate sort of' Urocijstis chlamy- 
dos|)ores. An eniended description is <riveu and a new combination, Papula- 
sp)ora Gladioli, is jirojiosed. 

The New York Botanical Garden 
New York, New' York 
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VALIDITY OF EQUATIONS FOR RELATIVE GROWTH CON-- 
STANTS WHEN APPLIED TO SIGMOID GROWTH 

CURVES^ 

Robertsoist Pratt 
(with seven figures) 

Huxley- (1924j 1932) showed that in many ditlerent kinds of organisms 
the relative magnitudes of parts growing at different absolute rates may be 
expressed approximately by the equation 

y = l)X^ (1) 

wliieh may be written 

log ij = log h + h log X (2) 

wiiere y represents the magnitude of one differentially growing part, x repre- 
sents the magnitude of the rest of the plant or animal body, or of another 
part to be eompared with the first, 1) is a constant that indicates the value of 
y when x =: 1, and k is a constant that denotes the ratio of the relative growth- 
rate of tlie part to the relative growth-rate of the rest of the body, or of the 
other part/'^ Values of x and y that satisfy this equation locate a straight 
line when plotted on logarithmic scales. 

HoAvever, although the formula is a convenient tool and its application to 
biological data often reA’^eals interesting relations among differentially groAV- 
ing quantities, its use is restricted by definite limitations. This fact Avas ap- 
preciated by Huxle.y (1932) but seems to have been overlooked by seA^eral 
later investigators Avho liave applied the equation indiscriminately to their 
experinientally obtained data. The use of this formula has been critically 
discussed in an earlier theoretical paper (Lunier, 1937). 

Tlie purpose of the present report is to emphasize the proposition that 
double logarithmic plotting of groAvth data is not a satisfactory substitute 
for tlie original data plotted as time curves and tliat when it is found for 
any particular set of data that logarithmic plotting according to equation 2 
yields a|)proxiniately a straight line of a certain slope, the parts of the 
growtli cycles for which this applies should be accurately defined because for 
other xiarts the slope wull be different unless the entire growth cycles 
coincide. 

Huxley (1932) pointed out that the A’^alidity of equation 1, as far as its 

1 The ideas presented in this paper are in some measure the outeome of diseiissions 
with Professor Sam P. Trelease at Columbia tlniversity during the years 1935-1937 and 
of subsequent discussions Avith him. His interest in the manuseript is heealy appreeiated. 
The author accepts full responsibility, however, for the validity of the statements made 
and for the, manner of their expression. 

2 Huxley (1932) deffiied relative gro\\Th mate an ^^t^^ growth per xm.it weight. 

Of course it might also be per unit height, volnine, or any othe]* nieusurable quantity. 
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Mpj)Hcati()ii to data is coiiccnied, rests on the assiiinptioii tliat , 

si nee tfie org'aii and the body ha ve both existed For the sjurie lengHi oF t ime 
Aviieii we measure them, tdie time factor (amcels out. . , d’ it seems of interest 
to examine this statement witti respect to si<i:moi(,l c!ir\a‘s, siiK'e it is tliis t\'pe 
of ciiiwe that is most frecfiieiitly encountered in studies of the iJiTowth of 
nuilticefiiilar or^aiuisms. It will be shown that even when ttie or^vins iiiuhM* 
consideration. ^Miave both existed for the same len^'tli of time” when they 
are measured, the time factor may not always be justifiably caueelied out 
iiiiless the entire g-rowth eyeles are of eipial duration. 

The curves in figures 1 to 7 sliow empirieally that for ()i'giiiis with sigmoid 
growtli eurveSj the statement (pioted above may be approximately true for 
portions of the growtli cyele; but it should be emphasized that the eij nation 
is a precise representation of tlie faxds for tlie complete period of growth 
only when tlie entire growth ])eri()ds of the (juantities under ('oiisideration 
are of equal duixition aud eoimnde in absolute time. For a <mm])iete idctnre 
of the rehitive growdli of two organs (or .nuinbers) tlie aidual measiirmu(‘nts 
and tlie times at wliicii they were made should be included as tlie liasie ex- 
perimental dafa, so that the reader may know just wimt part of mich 
growtli cycle is under eonsideratioii, and how the Jengtlis of the entire growth 
periods compare. 

The mathematical analysis and interpretation of sigmoid growtli curves 
is not yet entirely satisfactory, but numerous invest igatoi’s have showm that 
the rate of growth of many nuiltieellular organisms and of their parts may 
be represented approximately by tlie equation 

(3) 

IJ])on integration tliis Ixuamies 

^og (r /.) (4) 

whiidi is the eij nation for the symmetiMmil sigmoid (Uirve tliat is character- 
istic of auto-iaitalyzed monomolecnlar reactions. This c<piation does not al- 
ways furnish a [mccise i*epresentation of the uoimuil growth (nirve, Imt is tlie 
simplest expression tliat affords a reasonably acimrate a|)]>r()xiinatioii of tlie 
sigmoid curves obtained experinientally (Robertson 1908a, 1908b, 1923; 
Gaines and Nevens 1925; Reed 1920, 1928, 1932; Reed and Holland 1919; 
Porterfield 1928; Pratt 1936, 1937, 1940; Pratt and Fong 1940; Sideris and 
Kranss 1938; Albannu Kaiser, and Eicrhel 1940). K- kA/2.2; x re|)resents 
the magnitude of the organ or organism at time, i; A denotes tlie final value 
of X, and G is the time when x = A/2. K is a constant that represents the slope 
of tlie straight line that results when values of log ' [;r/(4. ] are, plotted 
as' ordinates against values of (f-G.) ns abscissas. It 'is„apparent that K is 
an inverse fimction of the time reipiired for the growth cycle to reach com- 
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pletioii. Beyerel ideal curves of tlie form described by equation 4 are drawn 
in fi^-iires 1 and 2. 

Wiien the g'rowtii periods are equal and coincide in time (curves 3, 4, and 
5, figure 1), double logaritlunie plotting* after the manner of Huxley (inset, 
figure 1) yields a straight line with, slope = 1.0. It is clear that the slope can 
hav{‘ no otlier value, since if x and Xi represent the magnitudes of two quan- 
tities, and A and Ai denote the final values of x and Xi, respectively, then 
from equation 4 (values of K and ti being the same for one curve as for the 
other) at any time, t 


log 


Xx 


Hog 


X 


(5) 


At-Xi~' A-x 

and, therefore, Xi oz x. Under these conditions, equation 1 becomes simply 
y = b x; as the two parts grow, one is always a simple eonstaut multiple of 
tlie otlier. 


’Wlien. tlie total growth periods are unequal (curves 1, 2, and 6 compared 
with (uirve 3 in figure 1) or when they are equal in length but do not coincide 
in time as, for example, when one organ begins to grow later or ceases grow- 
ing sooner than another (figure 2), a straight line cannot accurately fit all of 
the points. Tlie divergence of the curve from a straight line with slope = 1.0 
increases as the inequality in length of the growth periods or difference of 
time increases. The slope of the logarithmic curve approaches, and finally 
attains, a value of zero as the curve becomes horizontal, or increases without 
limit as the curve approaches a vertical position. It should be pointed out, 
however, that even when there is considerable difference in the growth 
periods, double logaritlmiic plotting following equation 2 of data from iso- 
lated ])ortions of the growth cycles may yield curves that are approximately 
linear over relatively wide ranges (insets, figures 1 and.2) , although the slopes 
have very different values for the first and last parts of the growth cycles. 
It is evident, therefore, that when logarithmic plotting gives approximately 
a straiglit line of a certain slope, the parts of the growth cycles for which 
tills is true must be defined accurately, since the slope will be different for 
other parts unless the total groMdh periods coincide. 

Prequently wlien growth data are plotted according to equation 2, tliey 
seem to be fitted best by two straight lines with more or less widely differing 
slopes, and several investigators have attempted to ascribe biological sig- 
nificance to the break that occurs in these curves. Wlien the original data are 
not given as time curves or in tables, it is difficult for the reader to evaluate 
such conclusions. It should be pointed out, however, that several of the curves 
in the insets of figures 1 and 2 might, if based on biological data which gen- 
erally show greater or less variation, be easily thought to represent two 
straight lines witlndifferent slopes. It is apparent, therefore, that such a 
curve does not necessarily indicate any pronounced change in the metabolisin 
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or |)liysi()1()5i4(^a] activity of the oro-ans but may be merely the inevitable re- 
sult ot comfiariu^* two (luantities whose periods of increment are not entirely 
concurrent. 

The relations disiuissed above are not xieeuliarities of ‘‘ideal” sigmoid 
curves. This is shown by figures 3-7 and table 1 where experimentally ob- 
tained dat a, are presented. The integrated growth curves are all of the sig- 
moid type, tliose of Porterfield, of Pratt, and of Sideris and Kraiiss being 
reasonably accurately described by an equation with the general form of 
ecj nation 4 or a simple modification of it. 

It should be noted that in all eases where the growth periods do not 
coincide the slopes of the logarithmic curves vary from finite values to in- 
finity or zero, although, tlie logarithmic plots seem to be approximately linear 
for eortaiii discrete portions of the curves considered separately. The depar- 
ture from a straight line increases with the disparity of the total growth 
jieriods ; but wlieii different quantities increase in a sigmoid manner through 
approx iuuitely the same period of time, double logaritlniiic plotting yields 


Fm. 1. Curves dnnvu uecortling to the equation log = K (t - where X' (ordi* 

uate) repreaeiita the nuigrutiide of the quantitY under consideration at any time, t ; A 
denotes tlie linal value of x, and /j is the time when x~A/2. K is a constant that varies 
inversely witli the time required for the growth cycle to reach eomx)letion. Tlie different 
enr\TS have the following constants: 


= full length of 
growth xieriod 


Ourve 3 150 0.374 12 

2 75 0.374 12 

3 150 0.187 24 

4 98 0.187 24 

5 75. 0.187 24 

* ^ (1 150 0.094 48 


IiiHct: Logarithms of values of x in curves 1, 2, 4, 5, and 6 xilotted as ordinates against 
logarithms of values of x in curve 3 at corresponding times, Fio. 2, Curves drawn accord- 

(D 

mg to the equation log “iiC(t--L). In each curve, ^1 = 150, K = 0.187, and the total 

growth period =: 24. Each curve is separated from the next oiie by two units on the abscissa, 
so that although a, 11 the curves increase for the same length of time the growth periods do 
not coincide. Solid lines show logarithms of .x from curves 2, 3, 4, 5, 6, and 7 (ordi- 

nates) as functions of log x in curve 1 at corresponding times. Discontinuous lines show 
log X from curve 7 on the abscissa scale and log x from the other curves on the ordinate. 
Fio. 3. Growth of whole fruits and of their parts in the pineapple (A^ianas satimis}. Inset : 
Logarithmic plotting to show the relative growth of the parts compared with the wdiole 

fruit. The integrated curves are drawn according to the equation log ^ iKt 

where X, ,4, If, and 4 have the same significance as in equation 4 and where a represents 
the value of .x wdien t ^ O. The points ind experimental observations. The data were 
falcen 'SideriS' and, Krauss' '('193B)'. y; 
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straigiit lines for the entire gTowtli periods and k values are approximately 
1.0 (table 1 ). Thus it may be seen that the empirical observations are in 
agreement ivitli expectations based on theory. 

It is of interest now to examine some of the data on ^‘chemical heter- 
og’ony.^’ Numerous investigators have studied the eheinieal composition of 
animals at different stages of development and some have employed the Hux- 
ley formula to describe the relative abundance of chemical eonstitueiits in the 
organisms, or their parts, at different times. Needham (1934) summarized 
and reviewed many sets of these data. Seventeen substances and twenty-six 
species of animals ranging from Crustacea to mammals were considered, and 
it was found that in nearly every ease a straight line resulted when the 
logarithm of the magnitude of the chemical entity at any time was xffotted 
against that of the chemical totality, i.e., dry or Avet weight, at the same 
time. 

A portion of Needliain^s paper is devoted to speculation concerning the 
general significance’’ of the fact that th . . organisms of extremely different 
morphological form give identical differential groAvth ratios for a giA^en 
chemical substance” and it Avas suggested that “genetic differences and 
interpbyletic differences occur only at a snpra-ehemieal level.” 

It should be observed, hoAveAmr, that not only Avere the differential groAvth 
ratios “identical” for a given chemical substance, but that they AA^ere essen- 
tially the same for most of the substances studied, i.e., about 1.0. Most of the 

Pig, 4. Logaiitliinic plots to show the relative growth rates of different shoots of 
1)aml)oo, ThyUostachyH nigra. Inset: Original data plotted arithmetically. The data were 
taken from Porterfield (1928). Pig, 5. Logarithms of Eryslphe germ tube lengths in dif- 
ferent concentrations of lieavy water (ordinates) as functions of logarithms of germ tube 
lengths in ordinary water at corresponding times. Inset: Original data plotted arith- 

inetically. The curves are drawn according to the equation log := Jl (f - f,) and have 

the following constants: 

^ 2(^1 = full length of 

growth period 


ILO 136.8 0.187 24.76 

25 per cent BoO 110.7 0.183 27,50 

35 ^ W 91.0 0.165 27.26 

50 59.4 0.174 28.00 

67 I' '' 24.5 0.127 32.50 


The data were taken from Pi*att (1936) and from unpublished material. 

Pig. 6. Left: Logarithmic plots to show the relatWe growth-rates of roots and shoots 
in diffei*ent lots of peas (Pmim sativum), Arithmetic qilots of original data. The 

data were taken from Pearsall (1923). Pig. 7. Logarithmic plots to show the relative 
growth rates of different parts of the fruit in an early-iipeimig variety (Early Purple 
duigne) of sweet cherry, Lrums a'omm. Curves labelled nncellus and megagametophyte, 
respectively are for nueellus + integuments and for megagametophyt© + embryo sac. Inset: 
Original data plotted arithmetically. The data Avere taken from Tukey (1933). 
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sets of datM aiialyzcMl b\' Neeilhaiu pertain, only to tlie early sta^'es of growtli 
when the ratios of ii.i(o,‘ease were risinii*, but it seems i*easonable to assiinie 
tliat had data for tlie e,i,itire life of each of the diifereiit oi,*ji:a:nisn:is been 
]:)lotted, si.^nioid cirrA^es would have resulted. It may also be ;i‘easoiiabie to 
assume that in a ^*i\’en or<>:anisni, permitted to ^rovv to maturity, the difft^ianit 
siibstanees (‘ Vtiunnieal entities’^) studied Avoidd have inereased throira'h a])- 
proximately tlie same period of time as the dry or wet wei^iit (‘dihendea] 
totality”), i.e., as long* as the organism continued to grow. Hence, hetero- 
gonic plots based on theoretically ideal data for eacii organism would liave 
yielded straight lines with s]o]m =1.0. The mean, value of lx calculated from 
sixt.v--nine published obseiaoitions (Needham 1934) is 1.1 ±; 0.02. This is 
remai'kably close to the expected value of 1.0, when allowance is made for 
the normal variation, of living organisms, tlie diverse conditions ’under 
whi(ih tlie data weia* obtained, and the fact that the A’alue of k in eacli case 
de])ends largely upon the statistical acciumccy of each of tlie individual sets 
of data on which it is based. It seems, tliei*efore, from the discussion ;prt^- 
sented above tliat perliaps one should not lie too ]>rone to attach siiecial sig- 
nificance to the “uniformity of cliemicml lieterogony in Avidely different 
organisms.” 

As similar examples from the botanical literature, the studies of Gaines 
and Nevens (1925) and of Bisson and clones (1932) on tlie cliemical composi- 
tion of sunflower and pea crops res])ecti\^ely have been selected. Tlie data 
ha,ve been jilotted after tlie manner of Huxley and the k values (-alcvdated. 
The av'crage A'aliies of k for tlie total carbolnalrate and total nitrogen (sub- 
stance's for wliicli the data seem most reliable) are 0.99 and 0.96 respectively. 
These values of k and those for the different nvineiail (components wliieli also 
increased during apiiroximately tlie same yieriod of time' as the dry weiglit 

ItAllLl] 1 

(Unwptnu'ul.s of pea ami nanjlawer plaai^i as fiinadons of drif irriphi^ 
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0.92 


1 The p(M’i(K!M of iiierement of the different eompoiientB lintt'd and of tiu* <lry weight, 
with which they were cotnparcal, were nearly eoiiicidcnit in all of the phuitH liKtcul. 
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are sliowii in table 1. The mean value of k is 0.92, a figTire remarkably elose 
to the expected value of 1.0. 

It slioiikl be einpliasized that the remarks made in this paper pertain spe- 
cifically to sigmoid growth curves. Many other kinds of growth curves will 
give straiglit lines when plotted according to Huxley’s formula. When this 
is so, it means merely that the slope of one original semi-logarithniie curve 
(log size against time) is ahvays a constant multiple of the slope of the other. 
The constant factor by wdiieh the twm slopes differ represents the slope, or k 
value, of the Huxley line. If the original semi-logarithmic curves have the 
same slopes during the same time intervals, the Huxley k is 1.0. 

SUMMARY 

Application of the Huxley equation y-hx-' to growth data in order to 
express the relative growth-rates of different- organs often reveals interesting 
relations among differentially growdng quantities. Its use is restricted by 
definite linutations, how^ever. 

When the equation is found to fit the observed data, the parts of the 
growth cycles to wdiich it applies should be accurately defined, because for 
other parts the slope of the logarithmic curve (k value or ‘ A’elative-gTowth 
constant”) may be quite different. 

Logarithmic plotting of growdh data in accordance wdth the Huxley 
formula is not a satisfactory substitute for the original data plotted as time 
curves. 

If the growth cycles of the two quantities coincide in time and follow^ the 
sigmoid course of the curve for an autocatalytic monomolecular reaction that 
is characteristic of the growth of many multicellular organs and organisms, 
the k value, or relative growdh constant, as determined by the Huxley equa- 
tion, is 1,0. The value of y then remains a simple multiple of x; i.e., y -hx. 

When the total growdh periods are unequal or -when they are equal but do 
not coincide in time, a straight line cannot accurately fit all of the xmints, 
althoiigh isolated portions of the growth cycles may yield curves that are 
ai)pr()ximately linear over relatively wide ranges. The slopes may have very 
different values for the first and last parts of the growdh cycles, how^ever, 
api>roaclving a value of zero as the curve becomes horizontal, or increasing 
w^ithout limit as the curve approaches a vertical position. 

A sharp bi^eak in the relative-growdli curves does not necessarily indicate 
a fundamental physiological change in the organism as some investigators 
have suggested, but may be merely the inevitable consequence of comparing 
two quantities wdiose periods of increment are not entirely concurrent. 

The remarks in the present paper refer specifically to relative-growth 
constants of quantities that increase as sigmoid functions of time. They are 
not intended to apply to other types of growth curves, although it is possible 
they could be extended to cover other cases also. 
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Tlie stateiiients niid conclusions ol; the present ]iaper are supported 
eiir[)irieaMy by ''idear' curves calculated from equations coinmoidy 
eiiqiloyed in <>To\vt}i, studies and, by curves coiistriicted from data i.n. tlie 
liteimtiire. 

(k).LLEGE OP Pharmacy, University op Gaiapornia 
The Medical Center 

8an Francisco, California 
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THE INFLORESCENCE IN HEMEROCALLIS— I 
A. B. Stout 

(with twenty-two figures)^ 

THE ORIGIN OP THE SCAPE 

In Ilemerocallis the plant is an herbaceous perennial and the iiiimerons, 
short, somewhat thick ened, and much intertwined branches in the crown of 
tlie plant bear coarse, gTass-like, and closely equitant leaves in two ranks 
which rise from a crown-branch into the air as ^‘fans.’^ A flower scape arises 
from a leafy stem in the crown and is terminal for the axis immediately 
below^ it. 

'When a scape is located in the center and apex of a fan of leaves its ter- 
minal position is evident. It stands betw^een the concave and upper surfaces 
of the two leaves w^hich arise from the two nodes which are immediately 
below the scape and of the same axis; and vegetative laterals are lacking in 
the axils of either of tliese leaves. The relation of the axis and the two leaves 
is as show^n in figure 1 for the leaves labeled L2 and L3. 

Prequently a scape appears to be a lateral on the stem of a single fan of 
leaves. But in such cases the vegetative shoot that appears to rise above the 
base of the scape is the real lateral that arises in the axil of one of the upper- 
most leaves of the main axis that continues into the scape. Figure 1 shows 
the relationships when the vegetative shoot is in the axil of the upper- 
most leaf (fig. 1, L3) that clasps the base of the first internode of the scape. 
When but one vegetative lateral develops and is located in the axil of the 
next to the last leaf, the scape also stands between two eqnitant leaves but 
now the leaf that clasps the base of the scape has no axillary branch. 

A scape may stand between two vegetative branehesi4^e^3-4g.s.g]^, in. wdiich 
case the main axis that eontimies into the scape has tw^o lateralsT'onh may 
arise in the axil of the leaf that clasps the base of the first internode {L3 of 
fig. 2) of the scape and one is in the axil of the next leaf belo'w (L2 of fig. 
2). These twT) branches are on opposite sides of the scape wfiiich now" stands 
between the convex surfaces of two leaves {L3~-l and L4~l of fig. 2) each of 
wdiich belongs to a diiferent lateral During a single period of flowering 
two scapes may arise as snccessive terminals in a single fan of leaves. 

In the formation of a scape, its first segment or internode is greatly 
modified, especially in respect to elongation and to reduction in diameter, 
in contrast to the mternodes immediately below it and to those of any lat- 
eral in the crowm (compare internode 4 with 3 mid 4-1 in fig, 1). When a 

T- Assistance in tlie x^rei)aration of the figures of this article was furnished by the 
personnel of the Works Progress Administration (O.P. IGS-l-QT—S. W. P. 5). 
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s<'B})e a])];)ears to be a lateral, it is the vij2:orous vegetative g:rowt]i o,f its own 
basal latcaail as a leafy ca-owii-braiieh that coiitiiHies t'lie two ra;iiks of Iea\^es 
i,ii siieli a •jDa'io.iei:* that the shift from termiiuil to a. lateral Is not ol)v.ioT{s to 
(OiS'ual ol)servati(),ii. But tlie arraiigem,eiit of tlie leaves about the base of tlie 
sea|;)es cleiir'ly iiulieates that a seape is terminal o:!i tlie axis imniedia.tely 
l)el()^v it. 


THE SIMPLE INFLORESCENCE OF H. NAN A 

111 tlie species Hefnerocallis nana the flowers are vsolitary and teriniiial 
for tlie main axis of the scape and for each of the few laterals which develop 
on the seape. There are no traces in the axils of the bracteoles of the laterals 
which, in all other species now recognized, form tlie bostryxes of the inflo- 
rescence. 

The (me- flowered scapes. Frecpiently the normally developed scapes on 
plants of IL mna beai* a solitaiw" flower below' whicli there are two modified 
lea\'es (fig. 3 ). These are jilaced not far below the flower and tlie upper and 
smaller one (a bracteole) is often clearly placed on the axis al: an angle tliat 
is aiiproximately 90 '^ from the position of the lower one (a bract). 

The distribution of vascular bundles in a typicail SD)gle-(l()\vere(l scrape 

Explanation of figures 1-16 

All figures except 1, 2, 9, and 10 are ap]>roxiniately oue-luilf iiatunil size. In most 
cases tlie drawings were made for scapes that had ended flowering. Mxist ca|>siiles iiiid 
flowers, if present, were omitted and the ends of pedicels sliown as when the flowers 
alisciss lielow the ovary. In the lettering the designations {ire as follows: L, Icjives of 
CT’owm, liranches; lir/iets on the main {ixis of a scape; SB, l>r,‘iets on lateral biainch ; 
I'H, vegtdaitive dicliotonry of which Both arms continue hh jiu internode until there is a 
bract; h, bracteole, also not so heavily shaded as Inaicts; f, flower; Koinjin immerjils (1, 
II, III) indii'ate siu'eessiou in <leveloj>ment {ind blooming. 

Flo. 1. Ijower portion is dijigrjun of section sliowing rehitions {tnd fiositions of parts 
when a si'ape Ims a veget.ative (o*own Ijiic'ral tlmt is {ixiil, ary to the haaf (LS) thjit is 
locatcal at the Inise of thci (irst inteniode of tlie siaapta Upper portion shows {i staipe of 
//cnc'rocnlZiv mhior with ;i primary inllorescema* of two bostryxes, luVlovv wliich there is 
a latemi branch iiearing only one flower. Fur 2. I)i<agrjim of sectional vi(uv of a Hcj|]>e 
which has ,a, vegetative crown hitenil in the {ixil of catch of the two uiipermoHi lettva^s (A.f 
.and LS) of its ci’own jixis. Figs, d—8 inidusive. Beajies of lI(‘m(nsioallis nana* Fig. 9. 
Nondicluittimous ]:)ostr.vx of Ahtraanwria revoliiia. Clopical from illustration by A. {ind L. 
Bravjiis. Pig. 10. Dichotomous bostryx of Ilemeroeallis fiilra clone Europ;!. (lopied from 
illustration l>y A. and Ij. Bravais. FiG. 'll. A two-liostryx primary inliorescence of the 
Eiiropa daylily Jit the time when the first flower is ready to open. Fig. 12. A twodiostryx 
primary intioreseence of the Europ.'i daylily after all flowers have bloomed and fallen. 
Fig. 13. A three>bostryx primary inflorescence of the Eiiropa daylily. Figs. 14, 15, tipper 
p)ortioii of scapes of TL minor showing vegetative dichotomy in the first inteniode of a 
scape. In figure 14 each bostryx is reduced to one flower ; in figure 15 each is reduced to 
two flowers. Fig. 16. Scape of II. wmo?* bearing one flower whicdi is terminal on the 
lateral belonging in the axil of bract 2. The dichotomous lateral to the pedicel of this 
flower, the lateriil in tlie brjict lielow, and the terminal of the main axis above bract 3 are 
all aborted. 
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was studied in ei'oss-seetions at levels below the braet and the braeteole, 
iiiidwa>^ between tlie t\w), and above the braeteole. In tlie U|)|)er portion ot 
the first internode of tlie scape, in a cross-section, tliere was a (oniiTal core 
of pitli cells about wliich tliere was a zone of cells tlnit Inid tliick: walls 
(stereoine tissue). Eatlier evenly distributed tbroug’hoiit tlie stereoine tliere 
Acere iiiinierons (about 35) fibrovascular bundles. In tlie segiiient oi‘ the 
stereoine directly beloAv tlie bract (as Bl of fig, 3) tlie vasinilar bundles 
branched and supplied veins to tlie bract but no bud was organized in its 
axil and the main axis continued as a single stein. Immediately below tlie 
braeteole (as 1)1 of fig. 3) branches of bundles in the stereoine supplied Aurins 
for tlie braeteole but no lateral Avas organized and no aboi'tion of one Avas 
present. At this level and above in the pedicel the stereoine Avas less defined 
and tlie bundles Avere more eijuallA^ distributed Avitliin the scape. 

It seems certain tliat in. tliis species tlie main axis of a, siiigle-fioA\^tu*ed 
scape continues as a single stem throngliont its first internode, tbrougli tlie 
segment betAA’ceii tlie bract and the braeteole and on into tlie ]iedi(;*el of the 
flower. Blit the character of this axis does change: the first internode is rela- 
tlA'el.A’' long, as miicli as twelve or more inches in this d\AUU*i' speiues, while 
tlie second internode, or peduncle, is very miieli shortei*; tlie phyllotaxy 
changes from the t\Axi-ranked and 180° spacing to one of onl\' 9()° ; in tlie 
internal structure tliere are a decrease of the stereome and a moi*e centra], 
distribution of vascular bundles, especially in a jiedicel. 

In II. nan a the fioAcer of a normal single-flowered scape is obviously 
terminal. For the purposes of this discussion it Avill be considered that such 
a scape is differentiated into (1) a long internode Avhicli terminates at the 
primary bract {Bl in fig. 3), (2) a peduncle of one interiiode Avivich tei*- 
minates at the braeteole {hi in fig. 3), and (3) a jiediwd tliat terminates in a, 
fioAver. 

Tivfhflowervd scapes (figs. 4, 5, and 6) are frequent among iilants of 
JI. nana and tliey ma}" occur on the same plant Avith scapes that bear solitar,\' 
flowers. In these the lower flower is the first to open, and it. (fig. 4) is tlie 
terminal of a lateral that arises in the axil of the loAver of two iirimary lirart s 
on the main stem. In such a lateral there is an internode (wliicli is tlu^ 
peduncle) and a braeteole {bl-1 in fig. 4) above Avliich the axis coiitiriues as 
a pedicel of a flower. Tims the main axis of a two-flowered scape lias two 
interiiodes. The loAver flower is terminal on a lateral brancli and the upper 
fioAver is terminal on tlie main axis. 

The lateral branch dominates the main axis above it in vigor of growtli 
and in time of maturity. Often its organization as a separate axis is delayed 
and it is more or less combined with the main axis until the level of the 
second bract is reached (fig. 5), The braeteole that belongs on the lateral may 
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even be placed (fig. 6) below the level of the complete separation of the 
lateral. 

Three-fioivered scapes. Drawings of typical three-flowered scapes from 
plants of H. nana are shown in figures 7 and 8. The two apical flowers are 
like those of the two-flowered scapes. Below these the main axis has an addi- 
tional internode and a primary bract in the axil of ivhicli there is a lateral. 
In such scapes the lower of the tivo laterals often has an internoclej a secon- 
dary bract, a peduncle, a bracteole, and a pedicel that ends in a solitary 
flower (figs. 7 and 8). Frequently there is delayed separation of the lower 
lateral (fig. 8). 

All the three-flowered scapes seen by the writer were on plants that -were 
growing in tlie Royal Botanic Garden at Edinburgh, Scotland, and which 
Avere at the time through blooming. When the loAver lateral of a three- 
floAvered scape of H, nana lias a vegetatU'C internode and a seeoiidaiy bract, 
it seems that its floAver opens later than does the floAver on tlie lateral AAhieh 
is above it (figs. 7 and 8). 

Irregalarities in the development of scapes in plants considered to be 
II. nana have been noted. Scapes Avith solitary floAvers Inwe been observed 
Avhicli liad as many as four bracts in the axils of Avhich there AVer e no signs 
of any lateral. In others there Avere scapes in Avhieh the iiiain axis above the 
second bract Avas more or less undeveloped and in some cases reduced to a 
mere stub. Tlie irregular and delayed separation of laterals may be such that 
til ere is tlie interpolation of tAvo or more axes at one level Avith the placing 
of bracts and bracteoles at irregular positions. These features of gTOAAdh are 
more eonspicuous].y developed in other species of the genus in Avhieh the 
entire inflorescence is much compacted. 

A coniparison of scapes of II, nana which bear one floAver, two flowers, 
and three floAvers shows that the uppermost floAver is terminal on the main 
axis and is alike in all three. The tA\n-floAvered scape has in its main axis one 
additional internode Avith a lateral to its bract. The three-flowerecl scape has 
still another internode Avith a bract and a lateral. Thus the additional flowers 
are produced by an increase in the number of internodes in the main axis 
and the formation of laterals. 

In tlie species 11. nana, as far as the writer observed, there are no indi- 
cations of secondary laterals, either rndimentary or otherAvise, whieii arise in 
the axil of any bracteole. In the three-fioAA^ered scape both the terminal and 
tlie laterarimmediately below it have each only a peduncle and a pedicel and 
the tAvo combine to form what may be called a terminal inflorescence. When 
a lateral beloAV these two has an extra internode and bract and is later in the 
niaturity of its first flower it may be considered as a secondary inflorescence. 

Not only does the species if. nana have the simplest inflorescence of any 
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of the know'll cLkI reeoji-nized s[ieeie« of Hcnicrocall Is- but it is the siiuiiiest 
in stature and it has, aceordinji; to ]')resent knowledge, a very restriided (listri- 
biition in the interior of China. 


T!IE NA^TJRE of the BOSTin:X 

It now ajipears that, except for iZ. naiia, tlie ‘‘diehotonioMs’' bostrv'x is 
present iii ail species of I£ciner()callii<, Also tw'o or inore bostryxes eointiine 
to form a primary iniioreseence that is terminal for the entire swipe. In 
miieli-branehed species the laterals below such an infioreseence have one or 
more siMamdary bracts aboAm which the bostryxes form sec'ondai'A' intioreS' 
cences. 

The nature and cliaracter of the dichotomous bostryx in Se liter ocallh 
Avill be more readily understood if there is first a, consicleratiou of the 
unfoi'ked liostryx in otlier genera.. 

The bostryx was recognized and des(n*ibed as a ^CSchrau- 

beC’ and as a “Bostryx’’ as early as 1835 (Sehimper according to Braun 
1833). Soon thereafter (1837), L. and A. Bravais designated this type of 
branch a “eime nninodale lielicoide” and these authors made a someAAiliat 
comprehensive survey of its occurrence and nioclifica.tions in the inflores- 
cences of flowering plants. They noted tliat the helicoid cyme in flowering 
plants may be elongated or shortened, axillary or terminal, single or dichoto- 
mous^ and that braeteoles may fail to develop, or they may be present in 
normal position at the base of a pedicel, or they may be transposed to otlier 
positions. 

The simiile (nondicliotomous) bostryx or uninodal helieuid cyme was 
illustrated by L. and A. Brax'ais in tlie species Alstroemeria rvvoluta a.nd 
tlieir figure is here reiirodiu'ed (fig. h). In tills, the first fiowxn* in a seriixs of 
fiowei'S is terminal on tlie axis iininediately below it. In this axis there' is a 
peduncle Avitli one node (“uninodah'”) at wliieh tliere is a bracte'ole; above 
tlie braideole there is one pedicel which ends in a flower. But a lateral to tlris 
pedicel chwelops in the axil of its bracteole and continues to form a new 
pednm-le Avliich terminates above its own bracteole in a pediceel and its single 
flower. The relation of flower pedicel to its lateral is eontinvied to foi*m tlie 
siieeessive flc)A\xn*s above until there is an abortion of the new lateral. The 
successive peduncles combine to form a false axis. There is but one row eai'li 
of braeteoles, of units of the false axis, and of pedicels and flowers, and 
these are arranged in an ascending spiral wdiieh continues in one direction. 
It is tliis single, ascending, spiral arrangement witli the decreasing size of 
the fioAvers, bracts, and stem units that suggested the terms “helicoid” (like 
a siiaii shell), “schraiibel” (a screw), and “bostryx” (a curl). In contrast 

2 At present tlie Avriter does not consider tlmt the description and herbiii*ium inaterial 
of tlie so-called II, pUmta are adequate for tlie deBignatioii of a diBtiTU't species. 
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to this a double series with also a spiral arrangement was called a ‘'scorpioid 
eyiiie” or ^ ^ eiiiciimns. ’ ’ 

The dichotomous hostryx. A further modification termed a ‘ ^dichotomy 
was recognized as frequent and characteristic of many genera, especially of 
inoiiocots, and to exemplify this L. and A. Brayais present a drawing of a 
branch of the inflorescence of Hemerocallis fulv(T^ (the clone Eiiropa). 
Tlie essential feature of growth in this is that each new unit of the false axis 
arises directly from the axis of a flower in a dichotomy in the development 
of which the braeteole, which belongs at the base of the pedicel of the termi- 
nal flower, is transposed to a higher level on the false axis. It nvdj be noted 
that this feature of ^^dichotomous’’ branching may also develop in seorpoid 
cymes. It is to be recognized that the type of branching that occurs in a 
bostryx of Ilemerocallis has been designated (Grozier 1892) a helicoid 
dichotomy or bostryehoid dichotomy as distinct from the true dichotomy 
seen in Cryptogams. But in Hemeroeallis branching at a level where there 
is neither a node nor a bract occurs both in the development of a bostryx and 
ill the precocious separation of axes that lead into bostryxes. The latter will 
here be called a vegetatAe dichotomy. 

THE BOSTRYXES IN HEMEROCALLIS 

The primary bostryxes or terminal inflorescence. The description of the 
character of a typical bostryx in Ilemerocallis 'will here be combined with a 
consideration of the interrelation of the two or more bostryxes that combine 
to form the terminal inflorescence. Also the descriptions will first be for the 
much branched scapes of the species H. multi flora. The slender stems and the 
rather loosely spaced branches in the scapes of this species somewhat simplify 
the recognition of the essential features of the dichotomous bostryx and the 
trrouiiing of bostryxes in the primary and the secondary inflorescences. 

Figure 17 shows two primary bostryxes which composed a primary inflo- 
rescence below which there were secondary inflorescences that are not sho'^vn 
here. The lower one stands as a lateral in the axil of a primary bract (IBi) 
on tlie main axis of tlie scape. This lateral begins as a single stem and it defi- 
nitely continues as such for a distance of almost one inch. Then there is a 
so-called dichotomy, of which one arm continues as a i3®dicel of a flower 
while the other is a single vegetative stem as far as the first braeteole (bl-l). 
Above this braeteole the main axis forms another flower stem in which there 
is a dichotomy. But this second dichotomy of the bostryx is not far above the 
braeteole (bl-l ) . The next dichotomy, the third of the series, is only slightly 
above the level of the next braeteole and also its two arms stand side 

by side ill a plane almost parallel to that of the base of the braeteole. Thus 
the lateral in any ''dichotomy’’ does not stand in the axil of the braeteole 
below it. Each braeteole stands in a position that is opposite to the pedicel 
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of the flower below, a feature emphasized by Yarioiis writers and especially 
Goebel (1931) . The pedicel of the flower below a braeteole (as fl-1 in fig. 17) , 
the braeteole and the lateral unit of the dichotomy beloiv it are all 

ill the positions relative to each other that the^^ would occupy if there ivere 
no displacement. There is, however, much twisting of stem units in the main 
axis and in the various units of a bostryx w^hich breaks the regularity of 
alignment. 

For the uppermost flow^’er of any bostryx, as shown in figure 17, there is 
an almost single stem wdiich bears the braeteole (see hl-o) belonging to the 
flowur below’, and close above, but to one side, there is a much smaller braete- 
ole (see 1)1-4). Immediately in its axil there is the aborted terminal end of 
the false axis, with often a group of small bracteoles, wdiich is lateral to the 
pedicel of the last flowur. 

The upper of twu bostryxes in a primary inflorescenee terminates the 
main axis of the scape immediately above the uppermost bract (B-2 in fig. 
17) on this axis. Its first flower is terminal on the main axis of the entire 
^<icape. A lateral on the axis of this flowur arises in a bostryehoid dichotomy 
and the succ-ession of units in the false axis is like that in the lateral bostryx 
below’. 

The terminal bostryx, as a rule, is less developed than the one below^; its 
first flower is smaller than is the first flowur of the bostryx below^ and it opens 
at least one day later; it frequently has at least one less flower in the .series. 

The internode between the twu upper primary bracts, wdiich subtend the 
twT) bostryxes that comiirise a primary inflorescence, is often noticeably 
shortened and frequently the lateral to the lowur bract is fused Avith the 
main axis (figs, 12, 13). But in the species wdiich have most extenswely 
branched scapes tins feature is least strongly developed. 

It may here be noted that the spiral phyllotaxy of a bostryx may be either 
eiockw’ise or counter-cloekwdse, and that the tw’o primary bostryxes of an 
inflorescenee may both be the same in direction or different. 

A three-bostryx primary inflorescence of H. nmlHftora is sliown in figure 
18. Tlie low’er tw’O are laterals on the main axis of the scape; the uppermost 
one is terminal for this axis. As shown in this figure (at YD) a vegetative 
dichotomy frequently develops in the main axis below" the primary bract 
(betw’een jF? 2 and B3 of fig. 18) that subtends the middle one of the tbree 
bostryxes. Then the primary bract (B2) is carried up on the lateral. Each 
arm of this dichotomy remains a Augetative stem as far as the next bract. 
In a diebotomy in the bostryx, liOAA^ever, one arm becomes a pedicel of a 

Explanation of figures 17-22 

Figs. 17-22. Scapes of Hemeroeallu multiflora ; -Rgntes 17, 18, and 19 are primary 
infiorei-cenees witli 2, 3, and 4 bostryxes; figures 20, 21, and 22 show lateral l)ranelies below 
primary infi,orescences, f' . c ' 



314 


BULLETIN OF THE TORREY CLUB 


[Vi)L. 68 


fiow'er. Tlie })re 60 ci()us se])aratioii of a. latiu'al froiii its iruiiii axis is a. (-liaj'ae- 
t<‘i*isti(' feature of (a.) iii the bostryx, (b) in the iifjper part of tlie 

luaiii axis of priuiary infloreseerua's, (<0 iu lateral biauiehes of tnucli 
l)i‘a.ii('Iie<i iiiiioreseenees (see VD in flii;. 21) and (d) in at kaist one speides 
in the first intei'noile (ti^s. 14, 15) of s(*apes tliat aia* redinaal io fiuv flowers. 

A {‘onr-bostryx ])ri!nary infloreseenee is sliown in fi‘»an*e It). In tins there 
is jireroeioiis sei)aration of both tlie second and tlu‘ tirird l)ostr\'xes by two 
sncciessive vegetative dichotomies that occur in the main axis. 

The group of primary bostryxes at the apex of a scape constitutes what 
may be called a primaip- inflorescence. Octcasionally in imu'li branidied spe- 
cies tliere are more than four bostryxes in. tliis group. Alwax’s, so it now 
a])pears, tliere are at least two; altliougli in certain speides tlie id)oi*tion of 
one bostryx is frequent in scapes on which only one flower develops to 
niatnrity (fig. 16). 

The sequence of opening for flowers which occupy (M)rresponding posi- 
tions in the two or more bostryxes of an inflorescence is almost witliout 
exception in siicc'ession from tlie lowest to the uiiperniost. The dominance in 
vigor of a lower bostryx to the bostryx abo\'e it is c<)ns|)icnons and almost 
universal for all inflorescences in all sjiecies ol‘ IL^nwi'ocdlUs, Tliis as{)e(d of 
growth is also seen w'hen a lateral develops immediately below tlu‘ t(U*minaI 
in the simpler inflorescence of II. nana. 

Secondary infloresccneen. The secondary inflorescences of IL ninlfijlora 
here sliown in figures 20, 21, and 22 exemplify several of the features charac- 
teristi(^ ol' the laterals tliat develop) below the primary inflorescence, esiie- 
cially in species that are ratlier freely brancliing. Tlie axis oF a secondary 
inflorescence usually luis one or more vegetatiA'c internodes foi* (uudi of AS’hich 
there is a secondary bract (SB in figs, 20, 21, and 22). There are usually at 
least two terminal l)ostr\xxes in a secondary infioresceiu'e. Idu^ intmmode 
between the two braxds may be short (see right branch in fig. 21) ; it may lie 
<|uite elongated witli tlie lateral arising iu a dichotomy {!) iu fig. 20) ; ordi 
dichotomy may arise in tluMuaiu axis below the bract tliat subtends the first 
bostryx (VI) in figs. 14, 15, and 21). In figni*e 22 is shown a lateral whiidi 
has a primary infioresiuuuu' of two bostryxes below wliicli tliere is a scumndary 
lateral (to SB1) with a dicbotoiny and two bostryxes. In tliese the lateral 
bostryx lias only twai flowers, and the terminal one lias Imt one flower. 

THE INFLORESCENCE OF H. FULVA CLONE EITROPA 

The dichotomous bostryx of the Europa daylily was illustrated and 
described by L. and A, Bravais (fig. 10) and frequently since referred to as 
exemplifying tiled ^uniparous’^ helicoid cyme or bostryx. But this illustra- 
tion is only for a lateral of the two or more bostryxes wliicdi form a, ])rimary 
infloresc'ence. Figure 11 shows a typical two-bostryx infloresiaunu' of this 
widely cidtivated clone at tlie time when its first flower is ready to open. 
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Both the cloiiiiiianee in the gTowth and development of the lateral bostryx 
and the dichotomous separation of each new lateral segment of the false axis 
are here well shown. At the eoiielusion of flowering a two-hostryx inflores- 
cence often appears as in figure 12, and a three-bostryx inflores( 3 ence as in 
figure 13. The interpolation of the axes of the three bostryxes is evident in 
the segment above the lower primary bract (see Bl). 

In many scapes of jilants of this clone only the two or more primary 
bostryxes are dey eloped and the one or more primary bracts below haiT no 
laterals. When there are secondary inflorescences these are placed next below 
the terminal group of bostryxes and are relatively less strongly developed. 
The character of the scape of the Europa daylily is cpiite typical for the 
species H. f ulva^ which is widely distributed in Asia. In comparison with H. 
mulirfiora the scapes of the Europa daylily are coarser, and the lateral 
branches below the primary inflorescence are more often absent or weakly 
developed. 

In the scapes of both H. fulva clone Europa and H. nmltiflora it is the 
3 *ule that there are more than two internodes in the main axis of a scape and 
tliat a diehotomy is not seen in the main axis below a primary inflorescence. 
However in those scapes of II, minor which are reduced to only two rather 
small primary bostryxes there is frequently a vegetative diehotomy in the 
upper part of the first internode below the level of the first bract (figs. 14^ 
15). 

CONCLUDING REMARKS 

The conceptions of the nature of the bostryx or uniparoiis helicoid cyme, 
tlie descriptions of it, and the terms applied to it as presented by the early 
writers (KSchimper according to Braun 1835; and L. and A. Bravais 1837) 
have been fully endorsed by such later writers on the morphology of inflo- 
rescences as iiofmeister (1868), Sachs (1875), Eiehler (1875), Bessey 
(1885), Goebel (1887, 1931), and Velenovsky (1910). Even in the more 
eompli(-ated dichotomous bostryxes, as in Ilemerocallis, it has been recog- 
nif^ed by tliese authorities that each flower is truly terminal and that the 
axis of a succession of flowers is composed of a series of false axes each unit 
of which arises as a lateral. Yet there are recent nionographs dealing with 
the classification of the genus H enter ocaMis which unreservedly state, with- 
out mention of the helicoid and eymose nature of the hranches, that the inflo- 
rescence is a panicle (Hiitehinson 1934) or that its character ranges from 
racemose to paniculate (Nakai 1982). It is to be noted that the term inflores- 
ceiice, as well noted by Parkin (1914), is sometimes applied to the mode of 
floral branching, at other times applied to the flower cliister itself, 
other times it refers to both of these conditions. 

In HemeromMi% wuthin each bostryx the flow^ering is determinate and 
hence eymose. For the primary group of bostryxes the sequence of develop- 
ment is racemose. This is, evidently, what the term panicle has come to 
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iiiGlucie in tlie de8eri])ti{)ii of tlie infloresceuces in nuinr genera. In Ileniero- 
callh the lielicoid eyine or bostryx is to be recognized as a unit brancli in tlie 
infloreseenee. 

In Ilvnierocallis tiie consideration of the bostr>'x refers to the arrange- 
ment of flowers in a, sinyhe dowering braiieli that ma>'^ arise in tlie axil of a 
biaiet or teriiiinate a main axis above its last liraet. In a bostryx, taieli floA\’er 
is terminal for its axis below and its dichotomous lateral continues as a false 
axis W'hich finally ends in an abortion,* and on wliicli the f!owerin|>' se({iience 
is that of a, false raceme. 

In all spe(nes excejit II. lunia two or more bostin^xes at the a|:)ex of the 
sca})e constitute wliat may be called a primary inflores(*ence. In the relative 
de^"elopment of tliese bostryxes a lateral one is dominant over the terminal 
one for tlie main axis and thus the seijuence in tlie development of these 
bramdies is racemose. Tlie same relation in development exists in tlie ji:roui) 
of Uvo or more bostr.wxes tliat mav' terminate any lateral tliat is below the 
primary infioreseen e.e. 

Tims there is one fundamental feature of ji:rowtli in the infloresiamce that 
is common to all the species of iTcmcroea/l/x. In U\ nana many sca/iies liave 
two flowers, one terminal on the main axis and one terminal on a, lateral, and 
in all otlier species at h^ast two bostryxes (mmbine to form a, terminal inflo- 
reseeiice. In botli eases the lateral dominates in size, vi<.>‘or of gro^vtli, and 
time of development. Tlie fiowerinji’ of the central oi* main axis and of the 
laterals is determinate and tlie sequence of development is (centripetal. It is 
the development of brandies fi’om tlie pedicels, in all species exceiit H . nana^ 
and tlieir precot*ious separation by dichotomy that ^ive the false axis and the 
racemose appearance of the bostryx in HemrromlliH. 

The New York Botanical (URDiiiN 
New York, Nicw York 
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THE ONTOGENETIC DEVELOPMENT AND PHYLOGENETIC 
SPECIALIZATION OF RAYS IN THE XYLEM OF DICOTY- 
LEDONS— III. THE ELIMINATION OF RAYS^ 

Elso S. Barghoorn, Jr. 

(with fourteen figures) 

Extensive study“ of the ontogeny and ph^dogeiietie specialization of rays 
reveals that ray tissue may be completely eliminated, from the secondary 
xylem. The process of ray elimination is not an isolated phenomenon, but 
occurs in a wide range of dicotyledonous shrubs and semi-shrubs. The ab- 
sence of rays is correlated with reduction in eambial activity and often with 
a tendency toward the herbaceous liabit of growth. In addition, the rayless 
condition occurs in many shrubs and suffruticose forms i:>ossessing anomalous 
secondary tliickening, included phloem, successive cainbia, etc. A conspicuous 
suppression, though rarely complete absence, of rays may be observed in 
man^^ plants which have undergone dwarfing or modifications in relation to 
xeropliytic or otherwise unfavorable environments. The various ontogenetic 
clianges which elfeet the elimination of rays are emphasized in this study; 
in addition, however, the relation of ontogeny to phylogeny is considered. 

Kribs’ investigations on the structural specialization of rays in dicoty- 
ledons do not include data on the elimination of rays (Kribs 1935). However, 
from previous studies by the writer (Barghoorii 1940, 1941) it is evident 
that the loss of rays results in a highly specialized condition. Additional 
evidence for this is afforded by the fact that rayless structure oecnrs in a 
wide range of unrelated families (figs. 1-6, 7, 9, 10), and is usually asso- 
ciated with a high degree of general structural specialization. 

From Kribs’ study, supported by the writer’s investigations, there are 
two major trends of specialization of ray tissue in dicotyledons. These are 
the elimination of iniiseriate rays to leave mnltiseriate rays only, and the 
elimination of miiltiseriates to leave uniseriates only. Both of these trends 
are usually associated with changes in the morphology of the ray cells. In 
tlie ray less forms and those with poorly developed rays the tendency towards 
the elimination of both types of rays eoineides with the reduction in secon- 
dary growth. It has been shown in eaidier papers of this series that phylo- 
genetic inodification of ray structure may be initiated in either the early 
or the later stages of ontogeny of the secondary body. In the eliinination or 
extreme reduction of rays, however, phylogenetic specialization proceeds 

1 The first paper of this series ai)peared in Am. Jour. Bot. 27: 918-928. 1940. 

The second paper will appear in Am. Jour. Bot for April, 1941. 

3 In this series of investigations various speeies from 195 families of dicotyledons 
were examined from the extensive slide and wood eollections of Harvard University. 
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from th-e early to the later stages of clevelopinent rather than vice-versa. 
That is, pliylogeiietieaily the rays are lost from the inner secondary xylein 
before their elimination from the outer parts of the secondary body. This 
is indicated by the fact that in many shrubs and semi-shrubs rays are absent 
from tlie inner ]x>rtions of the tvoody cylinder while present in varying niiiii- 
bers ill the outer portions (figs. 1 , 8). No well developed rays have been 
observed in the inner secondary xylem of species devoid of rays in the outer. 
Moreover, frequently the vestiges or ‘‘ghosts” of rays may be observed in 
transverse sections, while radial or tangential longitudinal sections show 
eoiieliisively that rays are absent (figs. 1, 2, 3, 9). From these facts it is quite 
clear tliat the elimination of ray tissue is a moiqiliological inodifieation which 
is the reverse of the so-called recapitulation phenomenon. This is evidenced 
by the fact that the ancestral condition, viz., the presence of rays, is rejire- 
seiited ill the later stages of development rather than in the early stages. 

Prom the standpoint of ontogenetic development the phylogenetic spe- 
cialization of rays is accomplished by a consecutive series of increasingly 
modified ontogenies. In the loss of rays the tendency for elimination is ex- 
pressed, ontogenetieally, at increasingly later stages of development until 
eventually the secondary xylem is eiitirel.v devoid of rai-s. Various stages in 
the ontogenetic-phylogenetic elimination of rays are similar in clearly ini- 
relatecl groups of dicotyledons. They therefore represent similar, parallel 
trends of phylogenetic specialization brought about by similar ontogenetic 
changes. 

THE ELIMINATION OF RAYS BY THE ENLARGEMENT OF RAY INITIALS 

Various complex eelliilar changes characterize the deYelopnient of rays 
ill the caiiibium (Chattaway 1933, Barghoorn 1940, 1941). Among these is 
the transformation or reversion of ray initials to the fusiform type of cam- 
bial cell. If such a transition is localized and definitely oriented within a 
multiseriate ray the elongating initials split or dissect the ray into two or 
more separate portions as illustrated in figure 7 of the second paper of this 
series. If, however, the teiideney for elongation affects all the ray initials, 
the ray tends to lose its distinct morphological identity, since its constituent 
cells may resemble in size and shape the cells of the surrounding tissue (figs. 
8, 11), For the sake of completeness it should be pointed out that ontogeneti- 
cally such extensive change in all the initials of a ray seldom occurs during 
development of the secondary xylem of an individual. If a phylogenetic 
series is studied, however, it becomes clear that the degree of emphasis on 
ray initial elongation, at different stages, results in the partial or complete 
elimination of the rays as distinct structures. 

The majority of species in which rays are in course of elimination by the 
enlargement of initials do not possess uniseriate rays. In these, therefore, the 




Fig. 1- Alacuosmia macrophylla Gunn. (Caprifoliaeeae). Transverse section of the 
secondary xylein. Note the absence of rays. The radial rows of smaller cells represent the 
ghosts^’ of rays which have been eliminated (xl25). Fig. 2. Alseitosmia macrophylla, 
Fadial longitudinal section indicating, similarly, the absence of rays (xli25). Fig. 3. 
Ali^eiiosmia -macrophylla. Tangential longitudinal section showing the ray less secondary 
xylem. Compare with figs. 1 and 2 (xl25). Fig. 4, Besleria sp. (Gesneriaeeae). Trans- 
verse section showing secondary xylem completely devoid of rays. In this species wood 
parenehyina is nearly absent and the secondary xylem consists almost entirely of vessels, 
libriform fibers, and septate fibers (x40). FiG. 5. Besleria sp. Badial longitudinal section 
showing the ray less secondary xylem in longitudinal view (x40). Fig. 6. Besleria sp. 
Tangential longitudinal section. Note the complete absence of rays. Compare with figs. 
4 and 5 (x 40). 
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majority of tlie ray tissue consists of heterog'eiieoiis niiiltiseriate rays of vary- 
ing size, composed of large, more or less vertically elongated cells, as s1io\yii 
ill figures 8 and 11. Oeeasioiially iniiseriate rays are present as Avell, but these 
are likewise eoiiiposed of vertically elongated cells. Heterogeneous multi- 
seriate rays such as occur in the early stages of the elimination of rays should 
not be confused with the heterogeneous multiseriates of the primitive ray 
structure. The specialized mnltiseriate rays occur in species which usually 
exhibit a high degree of stroctural specialization of the secondary xylem. 
Their cells frequently appear irregular and angular when viewed in tangen- 
tial iongitiidinal sections and commonly possess thin secondary walls which 
are devoid of tlie abundant, conspicuous, simple pitting found in primitive 
mnltiseriate rays (fig. 11). 

Interestingly eiiongh, the phylogenetic elimination of rays by the pro- 
gressive increase in the size of ray initials brings about their loss by ex- 
pansion ratlier than reduction. In other words the rays are eliminated by the 
‘‘oA’erdeveiopment'’ rather than suppression of their initials. 

REDUCTION OF RAYS BY THE SUPPRESSION OP RAY INITIALS 

In strong contrast to the elimination of rays by the enlargement of their 
initials is the rednetioii of ray tissue by the suppression of ray initials in the 
eambiiun. As has been previously noted, this condition is found chiefly in 
dwaiTed plants, of suffruticose habit, growing in xerophytie or otherwise un- 
favorable environments. Not only is eambial activity reduced in such plants 
but the size of the eambial initials is often reduced far more than would be 
anticipated from the degree of phylogenetic specialization of the vessel ele- 
ments. Shrubby forms such as these therefore exhibit strong tendencies 
toward similar anatomical modifications even though they may differ widely 
in the extent of striietnral specialization of the secondary xylem, or in theii* 
floral niorpliology. 


Explanation of figures 7-10 

Fio. 7. Geranium iridens Hbcl. (Geraiiiaceae). Tangential longitudmal section of 
inner secondary xylem indicating tlie absence of rays in the early stages of development 
of tlie secondary xylem. Pliylogenetically the ray initials in the early stages have elongated 
to the fusiform type of camhial cell (x 95). Pig, 8. Geranium tridens. Tangential longi- 
tudinal section of outer secondary xylem of same stem indicating the presence of higli- 
eelled multiseriate rays in the later-formed secondary xylem. Phylogenetic modification 
has not yet resulted in the elimination of rays in the later stages of development of the 
secondary xylem (x95). Pig. 9. Sempervivum arboreim L. (Grassulaceae) , Transverse 
section showing portions of the pith and the rayless early secondary xylem. Note the 
“ghosts’’ of multiseriate rays extending outward from the pith. Tangential and radial 
longitudinal sections show that the woody cylinder is completely devoid of rays (x95). 
PTg. 10. Frmikenia grandiflora Ch, and Sehl. (Prankeniaceae) . Transverse section of 
secondary xylem of a root showing secondary thickening by means of successive eambia. 
Note the complete absence of rays, a condition characteristic of this type of structure 
(X95). . 
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The iiifiiieiiee of dwarfing on the ray tissue of the secondary xyleiii 
usually affects the lieiglit ajid width as well as the number of rays (Forsaith 
1020). Comiiionly the midtiseriate rays are eliminated and the iiiiiseriate 
rays reduced in lieight (figs. 13, 14). Frequently tlie niiiseriate rays are com- 
posed of vertically elongated cells only (figs. 12, 13, 14). Further reduction 
of the ray tissue tends to produce rays extended by solitary initials or by 
niiiseriate strands of initials from three to four cells high. In extreme cases 
of reduction the xylem ray cells are somewhat disjunctive and therefore not 
radialli' eontigiious. In certain members of the Cistaceae the innermost secon- 
dary xylem is devoid of rays while the outer parts possess only one-celled 
niiiseriate rays of the disjunctive type. 

As in the elimination of rays by cell enlargement, the tendency for sup- 
pression of rays affects first the early stages of secondary growth. This is 
apparently true regardless of the degree of structural specialization of the 
xylem or the extent to which the ray tissue is reduced. Thus in many species 
the multiseriate rays have been eliminated from the inner secondary xylem 
leaving high-celled uniseriates only, whereas in the outer secondary xylem 
both multiseriate and uniseriate rays are present. Similarly, if only reduced 
niiiseriate rays are formed throughout the secondary xylem, they are fre- 
quently less numerous in the early stages of development and composed of 
cells which are more elongated vertically than ray cells in the later stages. 

It should be emphasized that in the elimination or reduction of rays there 
is not a pliylogenetie trend from heterogeneity to homogeneity. Rather, the 
reverse is true, particularly of rays being eliminated by cell enlargement, 
inasiuiich as ray initials and their daughter cells progressively increase in 
the vertical dimension instead of becoming more nearly isodianietric. The 
anatomical modifications which characterize the reduction or elimination of 
rays are identical in both roots and stems. There is no significant difference 
ill the ontogeny or the rate of phylogenetic specialization of ray tissue in the 
two major portions of the jilaiit. 


Explanation of figures 11-14 

Pig. 11. Ardisia BracJcenridgei (A. Gray) Mez. (Myrsiiiaeeae) . Tangential longi- 
tudinal section of secondary xylem showing tlie tendency to loss of rays by the vertical 
elongation of ray initials. (x95). PiG. 12. Staavia ghiUnosa (1.) Thbg. (Bruniaceae) . 
Tangential longitudinal section illustrating the tendency to reduction of rays by suppres- 
sion of them in the cambiuni. Multiseriate rays have been eliminated and the uniseriate 
rays are composed solely of vertically elongated cells (x 95). Fig, 13. Corema Conradii 
Ton*. (Emj>etraceae). Tangential longitudinal section showing marked reduction of ray 
tissue, yote that many of the rays are reduced to the one-eelled uniseriate condition 
(x230). Pig. 14. Tetratheca ciliaia JAndl. (Tremandraceae) . Tangential longitudinal 
section illustrating reduction of ray tissue similar to that shown in figs. 12 and 13. The 
plants represented in figs, 12, 13, and 14 all exhibit eonspicuous morphological as well as 
anatomical reduetioii (x 95) . 
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ANOMALOUS SECONDARY GROWTH AND THE LOSS OP RAYS 

111 many species of dieotyledoiis, particularly in the Ceiitrosperiiiae, 
secondary tliiekeiiing occurs by the . activity of successive cainbia. In such 
plants, particiiiarh' if secondary growth is rather limited, the woody cylinder 
is cooiiiioiily devoid of ray tissue (hg. 10). In some species, in the innermost 
secondary zyleni, and before the formation of supplementary eambia, rather 
poorly defined, high-celled inultiseriate rays may be developed. These, how- 
ever, are not continuous across the arcs of included phloem which are sub- 
sequently formed. Similarly, in the broader zones of uninterrupted secon- 
dary xylem of later stages, high-celled inultiseriate rays may be produced, 
but tliese too are transitory and therefore do not constitute normal ray tissue. 

It is quite clear that the formation of successive eambia and ineluded 
phloem is not a stage in the iihylogenetie modification of rays. However, it is 
an anatomical modification which is closely associated with a loss of ray 
tissue and commonly results in the complete elimination of rays. 

SUMMARY 

1. Extensive study of the anatomy of dieotyledons reveals the fact that 
ray tissue may be completely eliminated from the secondary xylem. 

2. The absence of rays is a highly specialized condition, associated with 
reduction of eambial activity and in many cases with a tendency toward the 
herbaceous habit of growth. The rayless condition also occurs in many plants 
possessing anomalous secondary thickening. 

3. The elimination of rays is accomplished phylogenetically by the trans- 
formation of ray initials to fusiform initials. 

4. Gonspienons reduction, though rarely complete absence of rays may 
result in plants which have undergone dwarfing or extensive modifications 
in relation to xerophytic or otherwise unfavorable environments. In these 
eases the formation of ray initials is suppressed in the cambium. 

5. Phylogeuetieall}', tlie elimination of rays is initiated in the early rather 
than ill the later stages of development of the secondary xylem. The tendency 
for loss of rays is extended, phylogenetically, into successively later stages of 
ontogeny until the woody cylinder is devoid of ray tissue. 

The writer wishes to express his appreciation to Professor I. W. Bailey 
for his interest and assistance in this study. 

Biological Laboratories, Harvard Uni\"ersity, 

Cambridge, Massachusetts 
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NOTES ON APHANIZOMENON WITH A DESCRIPTION OF A 

NEW SPECIES^ 


Edward G. Reinhard- 
(WITH FIVE figures) 

Aplianlp^omenon is a familiar blue-green alga common in the plankton 
of quiet waters, often forming a heavy bloom on the surface of ponds and 
lakes during the summer and early autumn. Its plate-like bundles of agglu- 
tinated tricdioines are very noticeable to the unaided eye, appearing like 
small bits of cut grass. 

Only a single species, Apkanizomenon Flos-acpiiae (L. ) Ralfs, has here- 
tofore been re]')orted from the United States. This alga is so abundant at 
times that it dominates the plankton and gives the water a semblance of 
green paint. In a bay at the eastern end of Lake Sakatah in southern Minne- 
sota tlie writer obseiA’ed a vast mass of Aplianizomenon^ probably concen- 
trated by tlie wind. The water contained Aphanizomenori filaments to the 
number of 2,500,000 per cc. Associated wuth this species -were colonies of 
3Iic)‘ocif>sfis aeri(gi}ios(i Kuetz. numbering 600 per ec. This dense population 
of algae increased the dissolved oxygen content of the Avater to supersatiira- 
tion on October 15, 1929, when this observation was made; the 'water tem- 
perature was 22 C. 

The generic description of Aplianizomenon given by most phyeologists 
includes the statement that the spores (akinetes) are solitary. Yet Sehmidle 
(1897 ) described a species possessing 1-3 spores in series. This species, wdiieh 
he ealled Aphanizonienon Kaufmaiini, is recognized as a true representative 
of the genus, but phyeologists in general have neglected to revise the generic 
description to inelnde the species wuth seriate spores. 

This neglect w'as inainly due to the fact that the description of the iieAv 
species remained virtually unknowui for a long time after publication, no 
doubt because it w'as incorporated in an article by P. Kaufman n w^hieh ap- 
peared ill an obscure publication, Revue d’ Egypte, a }3ublieation wdiieh is 
HOW’- almost iiiaceessible. In 1914, how^ever, Bninnthaler in Hedwigia brought 
Kaufmauu/s article to the attention of botanists by publishing a brief ab- 
stract of it and reprinting Sebmidle's Latin diagnosis of the species together 
■with the original figures. The species is also described, hut not figured, by 
Geitler (1925). It is one of the organisms chiefly responsible for the so-called 
'fgreen water,’’ an annual phenomenon of the Nile. 

1 Contribution from the Dei)artineiit of Biology, The Catholic University of America, 
Washington, I). C. . 

2 The author is indebted to Prof. J. E. Tildeii for assistance in tliis study, whieli was 
begun in the Botanical Laboratories of the University of Minnesota. 
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While investigating the plankton of the upper Mississippi River and its 
tributaries (Reiiihard 1931), I eame upon an Aplianizomenon vliicli is strik- 
ingly different from A. Flos-aquae and resembles the species which Sclimidle 
described from the Nile. It appeared in the plankton of the Minnesota River 
and was so abundant that it imparted to the concentrated plankton sediment 
a very noticeable blue-green color, which was even apparent, though much 
less distinct, in the unconcentrated water. The sample from the Minnesota 
River ivas taken at Mendota on July 31, 1928, from a depth of five feet in 
inid-channeL This species was found in association with other algae as 
follows : 


Aphanizomenon sp. iiov 

22,200 

indmduals x>er 

ce. 

Melosira gramdata 

186 

a a 

1 i 

Gyrosigma Spe^iceri 

42 

a a 

C i 

Green flagellates 

96 

a a 

C £ 


In the Mississippi River likewise, below its confluence ivitli the Minnesota, 
this Aphanizomenon was present in the plankton as far down as the head 
of Lake Pepin. Above the Minnesota it did not occur at all. The numbers, 
however, progressively diminished in the Mississippi water, and it is ap- 
parent that the Aphanizoryienov originated and developed in the Minnesota 
and was contributed to the Mississippi plankton by the tributary water. 

The Minnesota is a broad, slow-moving stream with scarcely any slope in 
the last fifty miles of its course. It occupies a wdde valley, the bottom lands 
marshy and fringed with ponds. It is probable that the Aphajiizomenon 
originated in these marshes. 

The month of July was a period of relatively low water with high tem- 
peratures. During this period the temperature of the Minnesota River was 
26 C., the w^armest record for the year. 

Like the of the Nile, the Minnesota species was short- 

lived as a plankton constituent. The following table gives the onl^^ occur- 
rences of this peculiar species throughout the 1928 plankton investigation, 
although collections vnre made every two weeks from February to October. 


TABLE 1 


Stations 

Miles 

below 

Minnesota 

River 

Hate 

Water 

tempera* 

ture 

Aphanizomenon 
filaments 
peree. . 

Minnesota River at moutli 

■ 0 ■ ■ 

Jiilv 31 

23' 

. 22', 200 ' 

Mississippi R. at Inver Grove 

!■ . 15 ■■ 

July 31 

i 23 

1,200 

Mississippi R. at Hastings 

■ ■ 33' . ■ 

Aug. 2 

1 " ,.22 . 

530, 

Mississippi R. at Red Wing 


Aug. 1 

1 ■ 24 . 

'465 


This alga, allied to A, Ka iifmmmi^ appeal’s to be a new species. I propose 
to name it Aphanizomenon americanum^ since it is the first species of Aphani- 
zomenon to be described from the United States. 
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Aphanizomenon americanum Eeinhard, vsp. nov. Filanientis solitariis ant 
ill laminiilis teiiiiiter inter se eoniiinetis, reetis ant quasi ciirvatis vel prope 
siginoideis, aerugiiieis, ad 200 q longis, ad disseptiineiites vix visibiles non 
constrictis; triciioiiiatibiis ad iiniim ant utrumque apieeia elongatis quasi 
eaiidatis ; apieibiis ex 1-3 celliilis teiiuibiis foniiatis, eellulis apicalibus ad 
16 q loiigis, eellulis vegetativis eylindricis, 2-3 p latis, 6-13 p longis, pseudo- 
vaciiolis mbris. Sporis singulis ant duobus eontigiiis, elongatis, fere cvliii- 
drieis et iitrimqiie rotuiidatis, 3-5 p latis, 6-13 p loiigis, intiis quasi granu- 
losis. Heterocysta (solaiii iimuii vidi) loiige elliptiea, 2.6 p lata, 3.5 p longa, 
sporis proxima. 

Plant mass floating ; trielioines 100-200 p in length, solitary or loosely 
united in thin plate-like bundles, straight, slightly curved or nearly sigmoid, 
tapering at one or both ends into caudate extensions of 1-3 apical cells, not 
eoiistricted at the joints, blue-green in color with reddish pseudovacuoles. 
Yegetative cells cylindrical, 2-3 p in dianieter, 6-13 p in length, narrowed 
apical cell sometimes reaching a length of 16 p. Akinetes 3-5 p in diameter, 
6-13 p ill length, single or geminate, sub cylindrical, elongate, rounded at 
both ends; cell eoiit exits granular. Heterocyst (I have seen but one) 2.6 p in 
dianieter, 3.5 p in length, somewhat elliptical, situated adjacent to the 
akinete. 
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Figs. 1-5, Apluinizomenon americanum Reiiiluird. Fig. Apharmome non Flos-aqiiae 
(L.) Rails, drawn to same scale for comparison. All x 900. Fig. 1, typical appearance of 
trieliomc. Pig. 2, young sterile trielioine. Fig. 3, two large akinetes with a heterocyst 
above. Figs. 4, 5, trielioines with akinetes, drawn to show cell walls. 

A eoinparisoii between Schmidle’s description of the of 

the Nile and the description which I have just given of the Minnesota plant 
does not appear at first glance to bring out any clear-cut distinctions between 
the two. This is partially due to the limitations of language and to the brevity 
of the earlier description. But if the drawings of the two forms are used to 
illustrate the meanings of the wmrds employed it becomes evident at once that 
significant differences do exist. Only an exact comparison of actual speci- 
mens can, of course, positively demonstrate every point of dissimilarity. 
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A'pJianho^nenon americamim appears to differ from A. Kaufmanni 
Selimidle in the following respects : 


A. Kavf numni 

A. americanmn 

One attenuated apical cell. 

Apices sometimes twisted spirally. 

Length of lieterocYst at least twice the 
diameter. 

Akinetes somewhat elliptical. 

A series of attenuated cells at tlie apices. 
Apices ahvavs straight. 

Length of heteroevst less than twice the 
diameter. 

Akinetes with sides practically parallel. 


The septa separating the cells of A. americanum are not discernible unless 
special niethods are employed to demonstrate them. Staining* the triehomes 
with an aqueous solution of neutral red works lYell on material preserved in 
formalin and brings out the transverse septa very clearly. 

Department of Biology, The Catholic University 
OP America^ 

Washington, D. C. 
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A NEW CYPERACEOUS GENUS FROM NORTHERN 

SOUTH AMERICA 


Charles Gilly 


Floristie and taxonomic studies have revealed the of a great 

number of endemic genera in the Sierra Paearaima, an ancient inouiitain 
eomplex along the Venezuela-Brazil-Britisli Guiana boundary. The botan- 
ical collections of Mr. G. H. H. Tate from Mt. Roraiina, Mt. Duida, and Mt. 
Aiiyaii-tepni have been the basis for the description of many of these en- 
demics. Among his collections were specimens of dioecious Cyperaceae which 
are liere recognized as an addition to the list of endemic genera of this area. 
Dioecisnu of itself, cannot of course be regarded as a geiierie character in 
the Cyperaceae, but dioeeisin together with a sufficient number of habital 
cliaracters can serve as an indicator of generic differenee. 

Bockler (1) in 1874 described Crypt an glum stellatuni on the basis of a 
pistillate plant, SchomhurgJi 1227, from British Giiiaiia; the exact collection 
locality of this specimen is not given, but it quite certainly is somewhere near 
i\It. Roraima. C. siellaium differed from other members of the genus not so 
much in its dioecious eliaraeter, for there were already other known dioecious 
species of Crypt a n gl u m , as by the arrangement of its leaves and infiores- 
ceiice. The staininate plant of the species w^as described in 1886 by Ridley 
(5) ; both Ridley’s description and the figure wliieli appeared in 1887 (7) 
were based on im Tlmrn 357 from hit. Roraima. Ule also collected staininate 
pdants from Mt. Roraima (6) , and I have previously reported (3) tlie stami- 
iiate collection made by Tate on Mt. Auyan-tepni. Among the specimens re- 
ferred to the genus EverhardkC’ by Britton in the Duida report (2) was 
Tale 542, whieli I liave already excluded from Everardla (4) ; comparison 
of this specimen with the Tate specimens of Cryptangium stellatnm from Mt. 
Auyaii-te]3ui leaves little doubt that, despite their superficial dissimilarity, 
they are congeneric. Iiiasniuch as I am eoiiviiiced that they represent a sepa- 
rate genus, distinct from and not at all closely related to Cryptangium, I 
piropose for them tlie following name : 


DIDYMIANDRUM"^ GiLLY, gen. NOV, 


Herba perenlia terrestris vel epiphytiea dioiea ; eulmi rliizomati ligiiosi 
erecti triangulares ; folia conferta subverticiliatim tenia disposita persis- 
tentia; vmginae rigidae trniicatae ; infloreseeiitia multipaniciilata miilti- 
ramosa multispiculata interrupta, paiiiciilae singulares in tertia quaque 
axilla ; spicuiae masculae geminae vel rare solitariae vel tres siimil, glumis 


1 Derived from two Greek words meaning male, in reference to tlie iisuahy 

paired stamina te spikelets. 
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exterioribiis vaeiiis 5-S, gliiniis iiiterioribiis fertilibus 2-8; staniiiia a g'liiiiici 
fertili siibteiita 2-3, fllanientis persisteiitibus ; spiciilae foemiiieae 1-fiorae 
solitariae rei rare g'eminae, gluinis 5-f; acliaeniuiii triangiilariiim trieo- 
statiim apice rostrato ; periantliio trifido, lobis bifidis eiliolatis ; trifido. 

Type species: Crijpfanginm stellafuni Bocld. 

Didymiandrum is most closely related to the genera Everardia and 
CepJialoccirpii:^^ both of •\vhieh are Sierra Paearainian endemics, and witii 
them is referable to the tribe Lagenoearpeae.- Bidymiandriim may be most 
easily separated from these other two genera by its dioecious inflorescence 
and the siibYerticillate arrangement of its leaves. 


KEY TO THE SPECIES'* 


Leaves lanceolate to laiieeolate-elliptie, 5-18 cm. long, 2.5-4 cm. n'ide, 
either entirely glabrous or glabrous except for tlie wliite-ciliate 

margins 1. I), stellai um 

Leaves narrowly linear, 15-25 cm. long, 1.5 mm. or less in width, 

minutely soft-pubeseent on both surfaces 2. D. flexlfoliuni 

1. Didymiandrum stellatum (B5ckL) Gilly, comb. nov. (dnfptaiigmm 


stellafuni Bockl. Liniiaea 38: 421. (descr. i>laiitae $). 1874; descr. ainpl. 
Eidley, in im Thiirn, Timehri 5: 209. (.descr. plaiitae J*). 1886. Acrocarpus 
stellatiis Nees; Bockl. Linnaea 38: 421 (in synonymy). 1874. Lagemcarpus 
sfellatiis (Bockl.) Kuiitze, Rev. Gen. 754. 1891. 

Cidmi strict! ad 1 m. alti; folia laiiceolato-elliptica vel laneeolata plana 
omnino glabra vel glabra praeter margines ciliolatos, 5-18 cm. longa, 2.5-4 
cm. lata ; culmiis qiiisqiie floriferus nniltiramosus, cum inflorescentia ad 20 
cm. altns ; spiculae maseulae ad 6 mm. loiigae, giiimis vacnis 6-8 ovatis vel 
lanceolatis mucronatis 1-2 mm. longis, gliiniis fertilibus 2-4 lanceolatis 
acntis vel aciiminatis ad 4 mm. loiigis; spiculae foemiiieae subturbinatae ad 
3-4 mm. longae, gliimis 5 ovatis inferioribus euspidatis superioribus miiero- 
natis ; aehaeniiim obtuse triangulare tricostatuni ad basim obovatiim, apice 
rostrato attenuate subtruneato ; periantliio trifido, squaniis bifidis eiliolatis ; 
stylo brevi, stigmatibus 3. 

Specimens examined: Venezuela-Bolivar : Mt. Aiiyan-tepiii, 2200 m., 
Dee. 1937, Tate 1348 (NY). Also reported (5, 6, 7) from Mt. Roraima. 

2. Didymiandrum flexifolium Gilly, sp. nov. Planta inaseula : Rhizoinati 
ad 3 mm. diam. et 30 cm. alti ; folia linearia acuta persisteiitia pubesceiitia 
plana praeter apicem bicarinatuin, 15-25 cm. longa, 1.5 mni. minusve lata ; 
eiilmus quisque floriferus rigidus erectus, cum inflorescentia 5-15 cm. altns; 
sfiiculae niaseulae 5 mm. longae, glumis vacuis 5 ovatis subbifldis mucronatis 
ad 1 mm. loiigis, glumis fertilibus 6-8 lanceolatis acntis 4-5 mm. longis. 
Planta foemina et achaeninm ignota. 


2 This tribe is nsnally called the Gryptangiae, but because of the doubtful statxis of 
the gmyiB, Cry]^tangiwm I am following Pfeiffer in the choice of a tribal name. 

3 Specimens exaihined in this study are deposited in the herbarium of the New YY)rk 
Botanical Garden (NY), and in the United States National Herbarium at Washington, 
I>. G. (US). 
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Specimens examined : Venezuela — territorio amazonas : Mt. Diiida, epi- 
plivtie on bark of tree, flat near stream at Central Camp, 4800 ft., Dee. 20~ 
28^" 1928, Tate 542 (KY, type ; US) . 

The New, York Botanical Garden, 

New York, New York. 
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COMPARATIVE STUDIES ON THE STRUCTURE OF THE 
SHOOT APEX IN SEED PLANTS^ 

Adriance S. Foster 
(with four figures) 

INTRODUCTION 

In eoininon with other vascular plants, the typical sporoph34e of the seed 
plants has the abilit}- to produce, throughout its growing* periods, a siieces- 
sion of organs and tissues on a theoretical^ unlimited scheme. This method 
of development is possible first of all because small areas of dividing and 
enlarging cells, localized at the apices of shoots and roots, are permaneiitl}" 
maintained in a state of potential activit.y. From these embryonic areas, 
whicli are designated as terminal meristems, there arise the primordia of 
foliar organs and the ^‘primary tissues'^ of the stem and root. 

Following the classical researches on apical growth made Nageli dur- 
ing the middle of the last century, much labor was devoted to the studj^ and 
interpretation of structure and growth in terminal meristems. In particular, 
the meristematic apex of the shoot, because of its dual role as the initiator 
of appendages and the primary tissues of the axis, attracted considerable 
attention. Among the, celebrated botanists wdio contributed to a 'knowledge 
of the shoot apex ma.y be mentioned Hofmeister (1857), Ilanstein (1868), 
Pringsheim (18.69), Strasburger (1872), Sachs (1878), Haberlandt (1880), 
and Schwendener '(1879, 1885). It is not mj^ intention to review at this time 
these earl.y pioneering studies, since the details are adequately presented 
in Schiiepp's (1926) monograph on meristems as w^ell as in a recent hi storh 
cal resume b.y the writer (Foster 1939b) . It is necessary, however, to empha- 
size that the struetural ' picture of the apex which emerged from most of 
these studies was that of a complex netwmrk of cell walls (cf. espeeialN 
Sachs 1878). This highly formalized and ‘‘lifeless representation of the 
cellular structure of the apical meristem resulted in the first place from the 
crude microtechnique . then in vogue, which consisted in the treatment of 

1 Inyitation read before Section d of the A.A.A.S. at the Philadeliiliia Meeting 

on December 28, 1940. It is a pleasure to thank my wife for her assistance in preparing 
the drawings made to illustrate this paper. 

[The Bfll'etin for May (68: 265-338) was tsshed May 1, 1941] 
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iiand sections with Eau de Javelle or KOH in order to remove completely 
all protoplfeisin. But aside from the limitations imposed by teeliiiiqiie, great 
importance was attached to the details of the cell-wall mosaic because of 
efforts to determine the exact origin of cells either from a single definitive 
apical cell or from a series of initials. From this standpoint, one of tlie chief 
objectives of inquiry in the study of the shoot apex was tlie plan of cell 
arrangement with reference to the initials. This could be vividly described 
and depicted in terms of an intersecting network of cell walls. 

The iinfortiiiiate result of this restricted form of inquiry was that the 
larger questions of the cellular organization and activity in the apex as a 
whole and the nature of its relation to growth and differentiation in the 
shoot eontiimed to be neglected. Hanstein’s (1868) histogen theory, it is 
true, seemed at first to provide a solution to the problem of tissue dift'erenti- 
ation ill the stem and root. But the careful studies of Koch (1891, 1893) and 
Schoute (1903) among others, during the latter part of the 19th century, 
demonstrated the impossibility of recognizing a rigid correspondence be- 
tween specific cell layers in the apex and the origin of leaves and the pri- 
mary tissue systems of the shoot axis (cf. also Foster 1939b). This idea has 
been further supported by an intensive study within recent years of apical 
ontogeny in the shoots of certain pericliiial chimaeras (Lange 1927). It 
seems cdear from this work that, with respect to the iiuinber of generative 
layers involved, there is no uniform scheme of bud and leaf initiation in the 
angiosperms investigated and that the problems of tissue and organ determi- 
nation are not to be solved by a theory of specific histogens (Foster 1936, 
Jones 1937). Indeed F. 0. Bower (1985, p. 328), whose early studies on the 
terminal meristems of ferns are a classic in morphology, has reached the con- 
clusion that ‘ b.>n the one liand apical segmentation, and on the other mor- 
phological definition, whether external or internal are distinct processes, 
each of which is determined by the apical region as a whole, and not by its 
segments.” 

The above quotation from Bower serves to show the unsatisfactory state 
of oiir knowledge of the role of the shoot apex in the differeiitiatioii process. 
We must admit, I think, that the continued emphasis merely on the formal 
questions of cell origin and cell arrangement in apical meristems holds little 
or no promise of furnishing additional insight into this fnndameiital prob- 
lem. What is needed is a more realistic approach, utilizing the advantages 
of modern botanical technique in an effort to study all possible aspects of 
cell striieture and cell activity rather than simply the mosaic of cell wralls. 

The purpose of this paper is to describe the most significant results of 
certain very recent eyto-histological studies on the shoot apex of seed plants. 
One of the most interesting aspects of these exploratory studies is the demon- 
stration that the so-called ''primordial meristem^’' of the apex varies con- 
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siderably in its structure in different plants and that it should no longer he 
regarded simply as an “undifferentiated’’ or homogeneous tissue as is done 
by such authors as Haberlandt (1914, p. 73). On the contrary, the apical 
iiieristein is segregated into more or less well-defined tissue zones. These 
zones are distinguished from each other by such features as cell size, niielear 
size, planes of cell division, relative frequency of mitosis, reaction to plasma 
and nuclear stains, and relative thickness of cell walls. As I shall show in 
describing the various types of zonal patterns, this structural diversity in 
the so-called primordial meristem is not only interesting from the stand- 
point of comparative anatomy but also appears to throAV new and important 
liglit upon the nature of organ and tissue differentiation. For convenience 
and emphasis, the observations will be separately described under the main 
groups of gymnosperms and angiosperms which have been examined from 
the new point of approach. 

GYMNOSPERMS 

Recent investigations have revealed a number of interesting types of 
zonal structure in the shoot apex of the gymnosperms. Since the limitations 
of space do not permit of a detailed contrast between the various types of 
zonal patterns, I shall attempt to summarize only the most signifieant of the 
new facts. 

Coniferales. The apex of Abies vemista (Dough) K. Koch illustrates a 
zonal pattern which is apparently wide-spread in the conifers (Koch 1891, 
Korody 1937, Cross 1939, Poster 1939a). In this type, the tissue of the apex 
is segregated into two well-deffned zones, viz. : an outer peripheral zone of 
deeply-stained, actively-dividing cells from which ultimately arise the leaf 
primordia as well as the epidermis, cortex, and provascular tissue; and an 
inner core or centralAissue zone, composed of fflamentoiis groups of highly- 
vacuolate elongating and dividing cells, which is the precursor of the pith 
(fig. 1). Both of these zones originate from a small ill-defined subterminal 
group of f ^ mother cells” which in turn have arisen from the inner deriva- 
tives of the apical initials (fig- la). Except for a more regular surface cell 
layer, this zonal pattern is duplicated fundamentally in the apex of Arau^ 
carm and Gross (1939) has recently described a similar type 

of zonal structure for the apical meristem of the shoot of Taxodium disM- 
ch/um (L.) Rich. One of the most significant features of this type of apical 
structure is the inequality between the two zones with respect to the relative 
rates of eell division, cell enlargement, and cell maturation. The central tis- 
sue zone is typified by the polarized growth and the rapid progressive elon- 
gation of the cells from their point of origin. In contrast, the peripheral zone 
exhibits less evidence of early specialization and appears to consist of a 
'rather Uniform tissue in which cell division rather than cell enlargement 
predominates. Further consideration of the implication of these differences 
will be deferred until other types of zonal structure have been described. 
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G-inkgoales and Cijcadales. As representatives of the two most prirni- 
tive groups of living seed-bearing jilaiits, Ginligo and the cyeads have natu- 
rally attracted iniieli iiiorpliologieal study and specnlatioii. But it is only 
witliiii the last two years that information has appeared regarding the cyto- 
liistology of the shoot apex of these archaic seed plants. A priori, it might 
be assiiiiied that the so-called ‘‘primordial ineristem’’ of the apices of these 
ancient spermatophytes would be simple and undifferentiated in structure. 
On the contrary, the apical meristem exhibits, in a very impressive way, a 
distinct and complex type of zoiiation. 

In Ginkgo (Foster 1938) the apices of both spur and long shoots are 
fundanientally similar in zonal structure. The most distinctive feature is 
furnished by the cenfral mother-cell zone wdiich consists of a ^vell-deniar- 
cated eiip-shaped group of large, light ly-stained cells situated directly be- 
iieath the apical initials (hg. 2). Because of their large size, irregular 
arraiigenient, huge nuclei, prominent and unevenly thickened walls, and 
relatively infrequent divisions, the central mother cells diverge strongly 
from the features usually associated with the primordial meristem in the 
seed plants. Of particular interest, however, is the renewed mitotic activity 
which appears at the lateral and basal margins of the zone of central mother 
cells, since from these areas there originate the bulk of the peripheral tissue 
■zone and the zo^ne of rih meristem (fig. 2b). The relation of this peculiar 
zonation to the differentiation process is interesting. As in many conifers, 
the peripheral tissue zone is composed of deeply-stained actively dividing 
cells and ultimately gives rise to the foliar organs, epidermis, cortex, and 
provaseular tissue. But with reference to the origin of the pith, an impor- 
tant difference exists. In Abies, for example, this tissue is propagated di- 
rectly by the progressive basipetal maturation of the cells of the central 
tissue zone (figs. 1, la). In Ginkgo^ however, there is interpolated between 
the apical initials and the rib meristem from which the pith originates, a 
central mother-cell zone^ distinctive in its structure and characterized by 
‘'random” cell expansion, rather than uniform cell division. From the 
standpoint of growdh, this zone therefore may be regarded as a region of 
pronounced cell enlargement maintained betw-een two w^ell-defined a.reas of 
more active cell multiplication (figs. 2a, 2b, 2e).- 

Our knowdedge of the cyto-histology of the shoot apex of cyeads is at 
present unfortunately limited to the results of studies on three genera, so 
that caution must be exercised in making comparisons. Nevertheless, it does 
appear significant that a similarity exists betw^een the zonal structure of the 
apex of Ginkgo on the one hand and the species of cyeads examined, on the 
other. The resemblances seem particularly interesting in viei? of (1) the 
much greater size of the apex in the cyeads, whieh inay reach the enormous 
diameter of 3.5 mm. in Gyeas renolut a Thunb., and (2) the striking differ- 
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Pig. 1. Outline of median loiigisection of the shoot -apex of Abies venusta (diameter 
at base 230 niierons) showing the position and extent of the apical initials (1), the sub* 
terminal ‘^mother cells” (2), the zone of peripheral tissue (3) and the eentraPtissue 
zone or rib nieristem (4). Fig. la, cellular structure of the sector of the apex indicated 
in figure 1. The small group of subterminal mother cells, shown with nuclei, is the com- 
mon point of origin of rib ineristem and peripheral tissue. Further explanation in the 
text. In this, and all subsequent drawings of cell detail, the magnification is approximately 
250 diameters.; ■ ■ 

Pig. 2. Outline of median loiigisection of the apex of a long shoot of Ginlcgo biloha 
(maximum diamtder 321.75 microns) shoiving the position and relationsliips of the apical 
initials (1), the cup-shaped zone of central mother cells (2), the zone of peripheral tissue 
(3) and the rib meristem (4). Fig. 2a, the surface cells at the summit of the apex. 
Kote prophase and recent xierielinal division in the two apical initials shown in this sec- 
tion. Pig. 2b, cellular structure of the triangular sector of the apex indicated in figure 2. 
The zone of central mother cells is well-defined by the large size, irregular arrangement 
and shape, huge nuclei and uneven wall-thickenings of its component cells. The point of 
origin of the rib meristem and peripheral tissue from this zone (represented diagrammati- 
cally in figure 2 by the broken outline) is shown by a i‘enewal in mitotic activity and a 
marked decrease in cell size. Note that certain of the original wall-thickenings of the 
central mother cells are ^‘carried over^^ into the young rib meristem. Fig. 2c, small 'pov- 
tion of rib meristem belo wy that showm in figure 2b. Observe the filamentous cell-seides and 
the absence of irregular wall- thickenings. 
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eiiees betAA’een tlie inorpliolog-y of the shoot system of cA^eads and the maiden- 
hair tree. 

The zonal pattern of the shoot apex of Dioon edule Liiidl.'-^ is remarkably 
like that of Ginkgo. A deeply-situated and clearly delimited central mother- 
cell zone, deriA’ed from an extensiA^e series of ‘initials,” is the common point 
of origin for the inassiAm zone of rib meristem and the bulk of the peripheral 
tissue zone (figs. 3, 3a). As in Ginkgo, these tAvo zones can be traced to a 
reiieAA^ed intensity in cell diAdsion at the edges and base of the zone of central 
inother cells (figs. 3b, 3c). Apparently a distinctiAm character of this zone, as 
contrasted Acith Ginkgo, is the greater variability in the size of the com- 
ponent cells. This probably reflects the Avide degree of fliictnation in the rela- 
tive frequency of cell division and cell enlargement in various portions of 
this zone. Johnson (1939) has recently examined the zonal structure of the 
apices of three Florida species of Zamia. It is evident from his clraAvings and 
descriptions as Aveil as from observations made bA" the writer (1939a) that 
the histology of the apical meristem in these forms is closely similar in basic 

Explanation of figures 3 and 4 

Fig. 3. Outline of median longiseetion of tlie shoot apex of Dioon edule (maxinvimx 
diameter 1(377 microns) showing the position and relationships of the extensive zone of 
initiation (1), the cleeplv-situated zone of central mother cells (2), the peripheral tissue 
zone (3) and the broad zone of rib meristem (4). Note the foliar primordia at the base of 
the dome-shaped apex. Fig, 3a, cellular structure of small sector through the initiation 
zone, shoAving a periclinally divided surface cell and the tiered arrangement of the inner 
cells. Note the irregular wall thickenings. Fig. 3b, cellular structiire of the triangular 
sector of the ajiex indicated in figure 3, As in Ginkgo (fig. 2b) the addition of new cells 
to the zones of ril) meristem and peripheral tissue occurs respectively at the base and 
sides of the zone of central mother cells (broken outline in figure 3). Note the Avide 
variation in size and form of the central mother cells (shown Avitli nuclei) and the mas- 
sive wall-thiekenmgs. These decrease markedly in prominence in the distal p)ortions of 
zones 3 and 4. Fig. 3c, small portion of the rib meristem below the region shown in 
figure 3b. Prominent wall-tliickenings are absent, as in tlie comparable region of the apex 
of Ginl'go (fig, 2e). 

Fig. 4. Outline of median longiseetion of the A^ery broad shoot apex of Cycas revoluta 
(maximnm diameter 3412.5 microns) showing the four main tissue zones (zones 1—4). 
Tn contrast to Ginkgo and DlooHy there is no sharp demarcation between the central 
mother cells (2) and the adjacent zone of rib meristem (4). The broken outline however 
indicates that most of the peripheral tissue zone (3) originates from the edge of zone 2. 
The outer portion of the peripheral tissue, shown by the double outline on the flanks of 
the shoot apex, consists of the surface cells and their recent periclinal derivatives. 
Fig. 4a, cellular detail of small sector through the initiation zone (zone 1, flg. 4) showing 
frequency of periclinal divisions in the surface cells. Fig. 4b, a small group of central 
mother cells. Note large size of cells and prominent wall-thickenings. Fig. 4e, cellular 
structure of a small portion of the transition region betAveen zones 2 and 3, showing the 
eharaeteristie renewal in mitotic actmty and the origin of the obliquely-arranged cell 
groups of the peripheral tissue. Fig. 4d, details of cell structure and arrangement at the 
point of origin of the rib meristem from the central mother cells (shoAA''n AAuth nuclei). 

2 A detailed account of the structure of the shoot apeex of this ey cad AAdll be pub- 
lished in the near future. 
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type to that of Dioon ednle. The most intensive study, however, has been 
devoted to the shoot apex of Cycas revoluta (Foster 1939a, 1940). Whether 
one examines the relatively delicate conical apex of the seedling or the huge 
plateau or dome-shaped meristem of the adult plant, it is apparent that the 
central mother cell zone is less sharply demarcated than in either Ginkgo^ 
Dioon, or Zaniia (fig. 4). This is chiefly so because there exist no sharp 
boundaries between pith, rib nieristein, and central mother cells (figs. 4b, 
4d). Ill short, the renewal of mitotic activity in Cycas is most clearly seen 
at the edges of the central mother cells in connection with the propagation 
of the inner region of the zone of peripheral tissue (fig. 4c). Ail the species 
of cycads which have been investigated agree wdth Ginkgo in that the rela- 
tively enormous pith of the shoot axis originates from the rib meristem while 
the foliar organs, provascular tissue, epidermis, and cortex are produced by 
the zone of peripheral tissue. The latter, however, is not uniform in respect 
to the size or the staining* qualities of its cells. Especially in Cycas revoluta, 
it consists of a shallow outer region made up of very small, deeply-stained 
cells and a more extensive inner region of larger and more obviously vacuo- 
late cells (fig. 4). 

ANGIOSPERMS 

The fact is now well-established that in many aiigiosperms the cells of 
the shoot apex are arranged in two distinct zones, viz. : an outer zone or 
tunica composed of one or more layers of small, essentially similar, thin- 
walled cells enclosing an inner zone or corpus in which the cells are irregular 
in size and arrangement.^ Under the influence of the tunica-corpus theory 
(Poster 1939b, Riidiger 1939) the chief points for investigation have been 
(1) a determination of the number of layers composing the tunica and (2) 
the respective roles of tunica and corpus in the initiation of leaf and axillary- 
bud primordia. As a consequence, very little attention has been devoted to 
tlie cyto-histology of the shoot apex in flowering plants. It is clear, however, 
even with the meagre infoimiation at our disposal, that in addition to the 
more familiar type of shoot apex, there exist other types of zonal structure 
some of which invite direct comparison with the conditions just described 
for the more primitive gyninosperms. Fui'thermore, Gregoire (1938) has 
recently concluded that there is a fundamental difference between the zonal 
structure and growth of the terminal meristem of the flower and the vege- 
tative shoot in the angiosperms (cf. Foster 1939b). Unfortunately, however, 
our knowledge of the comparative histology of vegetative and floral apices 
is at present meagre and final judgment of Gregoire’s radical viewpoint 
must await the results of further research (ef. especially Brooks 1940 and 
McCoy 1940)./" 


ef. postscript. 
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Cactaceae. Eoke^ lias recently completed a study of tlie structure of tlie 
slioot apex in two species of this miich-negiected family, viz.: O'piintm 
cylmdrica DC. and Trichocereiis spachianus Kieeob. In both of these siieeies, 
the surface cells of the apex form a more or less discrete layer or ^ ^tunica.’’ 
The internal tissue of the apex, however, does not correspond in striieture 
or behavior to the corpus region of such ‘^typicar’ angiosperms as Cary a 
(Foster 1935), Rhododendron (Foster 1937), or Acacia (Boke 1940). On the 
eontrary, a zonal pattern obtains which recalls the situation in the apex of 
Ginkgo or Dioon. From the sides and base of the well-defined zone of vacuo- 
lated, irregularly arranged thick-walled cells there arise respectively the 
peripheral tissue zone and the zone of rib meristem. The latter ditfereiitiates 
into the pith and in Trichocerens also into the medullary vascular system 
while the peripheral tissue zone gives rise to the leaves, areoles, epidermis, 
cortex, and the main system of vascular bundles. 

Palniaceae. BalP has made a comparative study of the shoot apices of 
Phoenix canariensis Chaub., Phoenix dactylifem L., Washingtonia filifera 
AVats., and Tr achy car pus excelsa AYendl., and the results of this investiga- 
tion clearly indicate the existence of two distinct types of zonal structure. 
In Washingtonia and Trachycarpus, the tunica is biseriate and lies directly 
in contact with a poorly-defined corpus zone from which the rib meristem 
originates. The apex of Phoenix^ hoAvever, exhibits a very divergent zonation. 
This consists in the presence of a large zone of smalt, lightly-stained, and 
irregularly-arranged cells from the sides and base of 'which, by means of 
cambial-like cell divisions, there arise respectively the peripheral and rib 
meristem zones. A further but less significant contrast is produced by the 
presence in Phoenix of a uniseriate tunica. 

SUMMARY 

A brief description and comparison have been given of the main results 
of recent studies on the eyto-histology of the shoot apex in certain gymno- 
sperms and angiosperms. The most significant implications of these investi- 
gations may be summarized as follows : 

1. The so-ealled primordial meristem of the shoot apex in seed plants 
cannot be regarded as either ‘^simple'’ or It undifferentiated’^ in structure. 
On the contrary, the cells of this meristem are segregated into more or less 
well-defliied iissite zones ivhich are demarcated by sneh characters as cell 
size, the strnetnre and intensity of staining of the protoplast, the relative 
thickness of the cell wall, and the proportional rates of cell division and cell 
'enlargement.:; 

2. The extent and relationsliip between the various tissue zones appear 
to refleet the type, direction j and distribiitioii of growth in the apex. From 

^ Tlie results of tMs study will be published shortly. 

5 A detailed paper describing this investigation is in course of preparation. 
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tliis aspect, the A^arioiis zonal patterns which have been described are of 
interest from a iiiorphogenetie as well as a purely eoinparative standpoint. 
Ill the peripheral tissue .zone, growth is manifested largely in cell division 
and there is a pronounced tendency to delay cell maturation. It seems sig- 
nificant therefore that this highly active zone is the area of initiation of foliar 
structures and provascular tissue in various groups of seed plants. The zone 
of cenf}‘al mother cells, which is so prominent in the apices of some plants, 
is a region characterized by impressive cell enlargement rather than ^dini- 
form” cell division (figs. 2b, 3b, 4b). The renewed mitotic activity which 
occurs at the sides and base of this zone is very suggestive of the accumula- 
tion of some type of hormone which stimulates or controls cell division. 
Finally, the zone of rih meristeni which is composed of vertical, filamentous 
series of genet ically-related cells, I'epresents a tissue of the apex typified by 
polarized growth and progressive enlargement and cell matnratioii (figs, 
la, 2e,3c, 4cl), 

3. In the light of the studies reviewed in this paper, it is very doubtful 
whether the importance usually attached to the ‘^initial” cell or cells in a 
growing apex is justified. On theoretical grounds, it is admitted that in many 
gymnosperms all the tissue of the apex originates from tlie division of sur- 
face cells (figs, la, 2a, 3a, 4a). But whether these cells are constant in num- 
ber, form, and sequence of division is highly doubtful. In the massive apex 
of Cyeas revoluta for example, it is obvious that a very large number of 
morpliologically identical surface cells and their recent derivatives collec- 
tively represent an initiation zone. However, no one cell or group of cells 
seems to dominate in this zone (fig. 4a). Comparable difficulties also arise 
with tlie more delicate apices of such angiosperms as Acacia. Here the zonal 
pattern consists of three more or less discrete tunica layers wliieh envelop a 
central zone or corpus. According to Bokels (1940, p. 77) obvServations, 
however, ^4iuiica and corpus are not rigidly defined’’ zones and furthermore 
it proves impossible to designate any particular series of superposed cells 
as the ‘finitials” of the tunica layers. In view of these facts, it seems that the 
question of the number of initial cells is relatively insignificant as compared 
with the broader problem of the coordinated pattern of growth which 
expresses itself in the various types of zonal structure which have been 
described. 

4. The picture of the apex which emerges from these studies is essentially 
dynamie in character. Indeed the evidence from comparative histology sup- 
ports the recent conclusion of Thoday (1939) that ‘‘the shoot apex is a self- 
determining and dominant center of development.” 

5. From the standpoint of onr present knowledge, there is no sure indi- 
cation as to the nature of the most primitive type of apical meristeni in the 
shoot of seed plants. The zonal pattern in the apices of Ginkgo and certain 
of the cycads may well represent an extremely ancient condition. But the 
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striking* parallel in zonal struetiire furnished by certain angiospernis indi- 
cates the urgent need for a continued systematic exploration of the eyto- 
histology of the shoot apex of seed plants along broad comparative lines. 

Departmext op Botax^y, Uxuversity op Califorxia 
Berkeley, California 

Postscript. The tunica-corpus theory has received support from the 
recent experimental studies of Satina, Blakeslee and Avery (1940a) whose 
iiaper was published after the presentation of the present article. These 
investigators succeeded, by means of treating seeds with dilute solutions of 
colchicine, in inducing imrious kinds of perielinal chimeras in Batura stra- 
monium. It was found that each of the two layers of the tunica, as well as 
the outermost ‘dayer” of the coi-pus of the shoot apex responded indepen- 
dently to the colehieiiie treatment in that ^‘any one of these germ layers in 
the chimeras may remain diploid, with cells containing 24 chromosomes, 
while the others become polyxiloid with tetraploid or oct opioid cells.’’ These 
variations in chromosome number and size of the cells are particularly useful 
from an histogenetie standpoint because they provide a way of determining 
accurately the role, in this plant, of tunica and corpus in the initiation of 
foliar and floral organs and in the differentiation of the primary tissues of 
the axis (cf. also Satina, Blakeslee and Avery, 1940b). In the writer’s 
opinion, however, the attempt of these authors to apply Hanstein’s (1868) 
terms ^ dlermatogen, ” ‘^periblem,” and ‘tplerome” in the description and 
interpretation of the structure of the shoot apex in Datura is likely to lead 
to confusion and, from a comiiarative viewpoint, is cpiite unjustified. As I 
have shown in a recent article (Foster 1939b), Hanstein’s histogen theory 
has no general validity for the seed plants and hence its basic assumptions, 
while applicable to certain individual cases, do not assist in understanding 
the fundamental nature of organ and tissue differentiation at the shoot 
apex in the spermatophytes as a wdiole (ef. especially Sehoute 1903, px>. 
90-98, and Sharnian 1940). 
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THE PROLIFERATION OF DANDELIONS FROM ROOTS^ 

B. Naylor 

(with sixteen figures) 

Very few scientific investig-ations have been made on the propagation of 
dandelions from the roots, although many have observed that new plants 
appear after the tops have been removed. Munson (1903) says that the gen- 
eral practice of cutting '^greens’' causes more plants to appear. As many 
as 6 new crowns w^ere observed on plants which had been decapitated. Me- 
Calluiii (1905) in a series of papers on regeneration in plants merely remarks 
that when roots of Taraxacum are cut into several pieces each piece formed 
new shoots. Longyear (1918) devotes a small portion of a paiier on dande- 
lions to propagation by root cuttings, and says that roots produce new plants 
at any place when cut. Pieces an inch long formed new plants after 18 days. 
He also observed that clusters of many new plants appeared after the tops 
had been removed from old plants growing in a lawn. 

In the present study as many as 20 separate shoots have been isolated 
from the end of a single root cutting 1 cm. in diameter. A small ring of 
greenish callus develops near the center of the cut surface, and from this 
tissue the young leaves are differentiated in great profusion. Such remark- 
able capacity for vegetative reproduction from the roots explains the diffi- 
eiilty of eradicating this common plant. 

METHODS 

Cuttings were obtained from a small group of plants growing in an open 
lawn at the Ncav York Botanical Garden. These plants have been identified 
as Taraxacum lairing atum (Willd.) DC.^ The roots were washed and cut into 
transverse segments varying in length from 4 to 6 cm. After removal of the 
latex from the cut ends 'with cold \vater, the root pieces were placed upon 
moist filter paper in Petri dishes. Transverse and longitudinal sections \vere 
removed from the cut surfaces at daily intervals, fixed in medium chromo- 
acetie acid, dehydrated in ethyl alcohol, and embedded in paraffin. Sections, 
were cut 8 microns in thickness and stained with HeidenhaiiPs iron-alum 
haeinatoxylin or with Delafield’s haematoxylhi and safraiiiii. 

A maceration method described by Curtis (1940) was used to aid in the 
identification of the phloem elements. Small pieces of tissue w^ere allowed to 
stand 24 hours in a mixture of one part of hydrochloric acid to four parts 
of 95 per cent ethyl alcohol, then washed in 10 per cent ammonia water. The 
separated cells w^ere stained with an alcoholic solution of aniliii blue. 

1 Tins study was made at the New York Botamcal Garden during a leave of absence 

granted by ' the University^' of Missouri, . 

2 Specimens are deposited in the Herbarium of the New York Botanieal Garden. 
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For tlie study of tlie primary root seedling's were grown on moist filter 
paper and in sand cultures. Seeds collected at various times during tlie sum- 
mer and fall germinated within two or three days. 

STRUCTURE OF THE ROOT 

Several investigators have contributed to our knowledge of the internal 
structure of the dandelion root, De Bary (1884) described the fleshy root 
and coneliided that it was composed of secondary phloem wliieli consisted 
of parenehyma, sieve tubes, and articulated laticiferous vessels. Jeffrey 
(1917) remarked that the phloem was mnch better developed than the xylem, 
and contained certain dark concentric bands. These circular bands not only 
mark the position of the latex tissue, but that of tlie sieve tubes as well, 
which cannot be clearly distinguished from the former. Haberlandt (1914) 
described in some detail the articulated latex tubes of plants, and remarked 
that they were charaeteristic of tlie Cichoriaceae. Curtis (194()) has given 
the most complete description of the phloem tissues in the dandelion root. 
By the use of special macerating methods he was able to demonstrate the 
sieve tubes and latex elements arranged in concentric zones in the paren- 
chyma. The ffiidiiigs here presented are in harmony with those of Curtis. 

The primary root and the first leaf are well differentiated in a seedling 
10 days old, as shown in figure 1. 

A slight thickening immediately below the cotyledons is already evident ; 
it is this region which continues to enlarge to form the fleshy root, as is 
demonstrated in figure 2. 

Internally the primary root exhibits the usual arrangement of epidermis, 
cortex, and stele. The primary xylem is diareh (fig. 3). The phloem is 
largely pareneliymatous, and the pericycle is often difficult to distinguish, 
Tlie endodeimiis consists of a. single row of cells with walls not much thicker 
than those of surrounding tissues. The cells of the cortical parenchyma are 
large and thin-walled, cind some show signs of disintegration and the forma- 
tion of air spaces. Granular materials present in some of the cortex cells 
give a protein reaction with nitric acid. Starch is not present in any portion 
of the root. The epidermis is variable in appearance. It may consist of a 
single layer of thick-walled cells, or it may have collapsed and partially dis- 
appeared so that the outer cells of the cortex form the surf ace of the root. 

In a seedling four weeks old secondary development has started in the 
xylem and phloem regions, and other changes are evident within the cortex. 
Nuineroiis scalariform vessels develop on either side of the primary xylem, 
tnd many parenehyniatous phloem cells are rapidly diff'erentiated. The cells 
of the endodermis undergo numerous divisions, new radial walls appearing 
at regular intervals (fig. 4). The pericycle dmdes both radially and tan- 
gentially and keeps pace with the endodermis in the rapid increase in diam- 
eter of the stelar region. 
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The fleshy root of a plant several months old consists aliiiost entirely of 
secondary tissues. Tivo major regions can be identified in transverse sec- 
tions; the relatively small central cylinder of xylem, and many eonceiitric 
hands of seeondar.v phloem which somewhat resemble annual rings. These 
concentric bands, which make up the bulk of the root, consist of rather nar- 
row zones of sieve tube and latex cells which alternate regularly with simi- 
larly arranged broader zones of parenchymatous cells. The latter cells have 
thin walls, and occur in regular vertical and radial rows corresponding* in 
arrangement to the cambium cells from which they originate (fig. 8). At 
fairly regular intervals the parenchyma interrupts the bands of sieve tube 
and latex cells, forming indistinct phloem rays. It was not found possible 
to determine the age of the root by counting the bands of secondary phloem. 

The central cylinder of xylem is composed of secondary tracheids and 
tracheae and xylem parenchyma, as shown in figure 6. There is little evi- 
dence of ring formation in this region. A single cambium layer is found out- 
side the last formed secondary xylem. 

Laticiferous cells are abundant in the dandelion root, confined to the 
phloem region. These cells appear to originate from the cambium; they 
elongate rapidly and coalesce to form continuous tubes. The result is a com- 
plex net-like formation, very closely associated with the sieve tubes and 
embedded among the elongated cells of the parenchymatous phloem, as illus- 
trated in figures 5 and 7. The sieve-tubes are long and narrow, not numerous, 
and have sieve openings only on the end walls. Both the latex and sieve tube 
cells are difficult to demonstrate in sections, but can easily be observed after 
macerating and staining. 

There is no trace of the pericycle, endodermis, cortex, or epidermis in old 
fleshy roots. A phellogen layer is found near the periphery of the root, 
where it originates in the parenchyma cells of the secondary phloem. In 
young roots the phellogen appears first in the outer cortex, later in the 
peiheycle. Secondary thickening takes place rapidly in the dandelion root 
and results in the addition of numerous bands of secondary phloem and a 
small amount of secondary xylem. 

THE DEVELOPMENT OP NEW PLANTS 

The root pieces selected for study were mostly from the middle of the 
fleshy root ; they measured from 8 to 10 mm. in diameter. The callus appears 
on the second or third day in the form of a band lying immediately outside 
the xylem cylinder and completely surrounding it, as illustrated in figure 14. 
After five or six days the callus has developed a green color and has organ- 
ized numerous leaf primordia, as shown in figure 15. The callus , enlarges 
rapidly, and grows out over the cut surface so that one may sometimes make 
a false assumption about its origin. The young leaves differentiate quickly 
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and their dentate iiiargiiis are easily recognizable on the seven tli or eiglitli 
day ; they may reacli a length of 2 cm. on the tenth day after the cutting is 
made (fig. 16). 

The first internal evidence of new growth, appears on the second day in 
the pareiicliyiiiatous cells of the last formed two or three bands of secondary 
phloem near the xyleiii cylinder. The cells responsible for the new i:)arts are 
considerably elongated, as shown in figure 8. Mitotic divisions occur at right 
angles to their long axes. Such activity may be found in the outermost cells 
of the cut surface, as in the cutting showui in figure 9, or may be confined to 
cells which are several cell-layers below the wounded surface. Rapid enlarge- 
ment of these newly formed cells of the phloem parenchyma results in the 
external appearance of concentrie rings of callus. Continued mitotic activity 
soon renders it impossible to distinguish the original parenchymatous cells ; 
the result is a homogeneous mass of meristematic cells. The outer bands of 
secondary phloem near the periphery of the root are never active in pro- 
liferation. 

Differeiitiatioii proceeds rapidly and by the third day small groups of 
ceils containing densely staining protoplasm can be identified from one to 
several cells below the surface (fig. 10). These are the leaf primordia, which 
at this early stage of development have a distinct cellular pattern. Each 
consists of a central mass of cells in which divisions occur at various angles, 
and a single outer layer of cells in wfiich anticlinal divisions predominate. 
Rapid cell divisions and elongation in the center of the mass cause the 
entire primordium to assume the shape of an inverted cone, as shown in 
figures 11 and 14. From these masses of cells the young leaves are differenti- 
ated in about 3 days. The details of the development of the leaf blade were 
not studied. 

The development of vascular tissue begins at approximately the same 
time that the leaf primordia are initiated. Groups of meristematic cells situ- 
ated deeper within the callus than the leaf primordia produce short vessel 

Explanation of flgnres 1-13 

Fig. 1. Seedling 10 days old. x 0.4. Fig, 2. Seedling 4 weeks old. x 0.6. Fig. 3 . Stelar 
region of very young root, x 190. Fig. 4. Cortex of young root sliowing radial divisions 
in cells -of the endoderinis, also formation of air spaces, x 190. Fig, 5. Sieve tube cell, 
latex cells (stippled) , and surrounding pareneliyma of the secondary phloem, x 200, 
Fig. 6. Gross section of young root after secondary thickening has begun. Epidermis re- 
placed by outer cortex parenchyma, endodermis still evident, and stele making up major 
portion of the root, x 180. Fig, 7. Elongated sieve tube cell, branching latex cells, and 
phloem parenchyma. Preparation made after macerating and staining with anilin blue. 
X 200. Fig. 8. Phloem parenchyma cells, showing the regular arrangement, x 180. Fig. 9. 
Cell formation after two days in phloem parenchyma underneath the cut surface, x 200. 
Fig. 10. Formation of leaf primordium on fourth day. x 180. Fig. 11. Leaf primordium 
on fifth day beginning to break through surface layers, x 180. Fig. 12. Leaf primordium 
on seventh day; vascular system partly established, x 180. Fig, 13. Boot formation from 
the distal end of the cutting after two weeks. X 180. 
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segments, Yliidi at first liave no partieiiiar orientation toward tlie vaseiilar 
system of tlie old root. The vessels are mostly of the sealariform or reticulate 
type; pitted forms were not found. Differentiation of such xylem elements 
takes place very rapidly, and the order of maturation is both forward toward 
the surface of the callus, and in the opposite direction toward the phloem 
parencliyina. This activity continues until the vascular connection is com- 
pleted between the leaf priniordium and the secondary xylem. The vascular 
caiiibiiini may also form additional xylem cells. Oceasionally vascular tissues 
■were found to develop within the callus before the formation of the leaf 
primordia. The degree of differentiation of new parts is not the same at any 
one time in the entire callus, as is illustrated in figures 14 and 15. Leaf for- 
mation may continue for several weeks. 

New roots developed from the distal ends of the cnttiiigs, and generally 


Pig. 14. End view of root, showing development of the ring of callus and leaf 
primordia after five days, (Photograph by courtesy of the New Yoid: Botanical Barden.) 
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did not appear until several days or even weeks after tlie shoots had formed 
at the proximal end. Their origin is very similar to that of the shoots. A 
band of callus is produced outside the x.^dem parenchyma, but its growth is 
not very \dgorous, and it remains in a semi-dormant condition while shoot 
development takes place at the iiroximal end of the old root. The new roots 
emerge directly from the callus. A few lateral roots appeared near the 
stumps of old branch roots which had previously been removed. 

Internally the callus at the distal end of the cutting, like that at the 
proximal end, originates from the phloem parenchyma. The root tips are 
formed from meristematie cells located a short distance below the surface 
(fig. 13). Yascular connections are established in a way similar to that 
described for the shoots. Eoots have not been observed to develop with the 
shoots at the proximal end of root cuttings. 

POLARITY 

Leafy shoots were the only new parts found to develop at the proximal 
end of the cuttings used in this study. At the distal end a similar type of 
callus formation takes place, but only roots were produced. Attempts to 
change the polarity of the root by inverting pieces and allowing them to 
stand ill a vertical position in the moist chamber were iinsuecessful. Lateral 
roots appeared occasionally from the sides of the old roots. Goebel (1905) 
demonstrated shoot formation from the distal end of root cuttings of dande- 
lion when the growth at the shoot pole was arrested by covering with wax 
or plaster. Wiesner (1892, p. 112) was also able to induce shoot formation 



Eia. 15. Side view of root and yoang slioots after seven days, x 4. Pig. 16. End of 
ciittixig siiowing young shoots after ten days, x 2.5. (Photograx>hs by courtesy of the New 
Botanical Garden.) 
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from botli ends of root cutting’s ^Yl^en tliey were kept in the -dark. I have been 
unable to duplicate liis results. Roots were grown both in the light and the 
dark,, and the callus cut off repeatedly, but cuttings placed in the dark be- 
haved like those placed in the light except for the failure to develop green 
color. 

AVhen fleshy roots were cut lengthwise along the median line both halves 
developed leafy shoots within 7 days. The new parts originated from phloem 
parenchyma and appeared in continuous strips on either side of the xylem 
cylinder. 

Leaves of dandelion plants collected in April and May failed to develop 
any new parts when placed in moist sand in the greenhouse. They turned 
yellow and died within a period of two Aveeks. Stingi (1909) also failed to 
get regeneration from detached leaves. 

SUMMARY 

On root cuttings of dandelion in moist chambers proliferating tissue 
appears in tAvo or three days. 

The mature main root consists largely of phloem parencliyma, in. Avhich 
are embedded coneentrie rings of sieve tubes associated Avith latieiferons 
ducts. 

The new parts originate from the parenchyma of the secondary phloem. 
Shoots are formed at only the proximal end of the cuttings, and roots 
only at the distal end or occasionally along the sides. 

Department op Botany, Unia"ersity of Missouri 
Columbia, Missouri 
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METABOLISM OF ASCORBIC ACID IN COWPEA PLANTS 


Mary Elizabeth Reid 
(with eighteen figures^) 

A study of daily fiiietuatioiis in the ascorbic acid content of cowpea 
plants lias been under Avay in this laboratory during the past four years. 
Aiinounceinent of the project was made j)revionsly (Reid 1939). Mokltinaim 
(1939) reported a diurnal variation in the percentage content of ascorbic 
acid in leaves of Fagus silvatica and Lamium alhum. Increases occurred 
during the day and losses at night. Smith and Gillies (1940) found a niaxi- 
miini value in potato leaves in the early forenoon and minimum values 
toward the end of the night. Considerable fluctuations also occurred during 
the day. Kohman and Porter (1940) observed similar diurnal alternations 
ill the tops of tomato plants. The results in these latter studies were pre- 
sented also on a percentage basis. Reid (1940) reported briefly on fluctua- 
tions in the total quantity of ascorbic acid in leaves, stems and roots of 
young eowpea plants. The diurnal changes in ascorbic acid values were also 
determined on a percentage basis. 

The first experiment herein described ^vas conducted to determine the 
effect of the normal daily light and dark periods of July and early August 
upon the accumulation of ascorbic acid and growth of young cowiiea plants. 
The effect of twenty-four-hour dark-iieriods immediately preceding the as- 
corbic acid assays was studied in the second experiment. A study w^as also 
made of the ability of cotyledons and of different-sized particles obtained 
from broken cotyledons to synthesize ascorbic acid when subjected to con- 
ditions faA^orable to germination. 

PROCEDURE 

Cowpea seedlings were grown in washed white sand, some with and some 
without a mineral nutrient solution. Ascox'hic acid determinations by the 
indophenol method^' were made daily on each of the t-wo types of cultures. 
In the first experiment plants w^ere w-ashed free of sand at 4:15 a.ni., the 
end of the dark jxeriod and others at 7 :00 p.m., the end of the light period. 
The leaves, roots, stems, and cotyledons w- ere w^eighed and analyzed sepa- 

1 Figures 12-18 are published at the expense of the author. 

2 The validity of the results obtained in these tests depends upon the supposition that 

the reducing action of the plant tissue extracts is to be attributed entirely to ascorbic acid. 
The titrations were made rapidly and the readings were taken when the end-point color 
was maintained for api^roximately 20 seconds. Considering the speed of the reaction and the 
relatively low pH of the extracts, there obvious reason for assuming that other 

substances were involved m":the" reaetion. 
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ratelr. In most of the tests ten plants were assayed. In the second experi- 
iiient plants were prei)ared for the tests each day at 1 :00 pan., at wliicli 
time one culture with and one without added nutrients were analyzed. 
Similar cultures were placed in a dark chamber and assayed for ascorbic 
acid twenty-four hours later. This procedure was repeated each day througli- 
oiit the experimental period. 


observations 

The ascorbic acid content and the green weight of young plants wliicli 
received mineral nutrients are shown in figure 1 and those of plants 
grown without added nutrients in figure 2. In both series the ascorbic 
acid increased in the plants during the dark periods as long as the stored 
food reserves in the cotyledons lasted, which was until the fifth day. After 
this time no gains were found during the dark period. On the contrary, 
there were losses after the fifth day in plants which received mineral nutri- 
ents and after the sixth day in those grown without added nutrients. Losses 
of as mnch as 17 per cent of the total ascorbic acid were found in tlie plants 
receiving mineral nutrients and of 8 per cent in those without added nutri- 
ents. Since there is greater steepness of the cinwe representing the ascorbic 
acid content of the fertilized plants and also since more disappeared at 
night, these plants must have synthesized considerably more of the vitamin 
than the unfertilized plants. The green weights of the former were also 
greater. In both groups the green weights tended to increase at about the 
same rate in the dark periods as in the light. The above results with entire 
plants were attained by separate analyses of leaves, stems, and roots. The 
data for the individual organs were as follows : 

The ]eave>s of plants receiAung mineral nutrients gained in ascorbic acid 
during tlie third and fourth nights but from the fifth iiight until tlie termi- 
nation of the experiment, losses, increasing with each succeeding night, 
were found. The rate of growth of the leaves in the light and dark periods 
tended to be ecpial (fig. 3). The results with plants grown without added 
nutrients were similar, although values for both groAvth and ascorbic acid 
Avere lower. Losses in ascorbic acid were also found during the fifth night 

Explanation of figures 1-6 

The green weight and aseorhie acid values at successive stages of development shown 
in figures 1-9 were determined at the end of each daily light and dark period. The broken 
portions of the lines represent the light periods and the solid segments the dark periods. 
Except where the contrary is speeialiy designated, the graphs shown represent the average 
values in a plant grown with added nutrients. 

Fig. 1. Green weight and total ascorbic acid values of entire plant. Fig. 2. Green 
weight and total ascorbic acid values of entire plant grown without added nutiients. 
Fig. 3. Green -weight and ascorbic acid values of primary leaves. Fig. 4. Green weiglit 
and ascorbic acid values of roots. Fig. 5. Green weight and ascorbic acid values of stem. 
Fig. 6. Total ascorbic acid Anlues expressed on a uniform scale for all organs of a plant. 
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and on eaeli night thereafter. The lag in rate of ascorbic acid aceiiniiilation 
and ill increase in green weiglit between the ninth and tenth days occurred 
when the seedling leaves were fully developed. 

Figure 4 shows the green w^eight and ascorbic acid values of tlie roots 
of the plants wdiich received mineral nutrients. A fairly close relation is to 
be observed between the green weight and ascorbic acid content of the roots 
at successive stages of development np to the ninth day. A divergeiiee 
between the values as the roots became older was also found in the plants 
grown wdtliont added nutrients. The green weights and ascorbic acid tended 
not to increase appreciably during the dark periods. In the plants grown 
without added nutrients and which consequently (Kraus and Kraybill 1918) 
had aceumulated a much larger supply of mobilizable carbohydrates, there 
was a tendency foi* increases in both weight and ascorbic acid during the 
dark periods. Previous studies have shown a similar relation between avail- 
able carbohydrate supply and growth of roots of tomato cuttings kept in 
darkness (Reid 1926). Decreases in ascorbic acid in roots did not occur 
with regularity during the dark period in any of the tests. It is possible, 
liowever, that translocation of the vitamin to the roots occurs in darkness 
or that some synthesis occurs within the root with, the result that losses and 
gains are approximately balanced. 

The ascorbic acid and green weight values of stems of plants which 
received mineral nutrients are shown in figure 5. No gains in ascorbic acid 
during the dark period w’ere noted after the food reserves in the cotyledons 
were exhausted. Increases in green weight tended to be eontiiiuons and of 
about the same magnitude in the light and dark periods after the fourth 
day. The irregularity in the curve on the seventh day may be eansed by 
slight variations in intensity of illumination of different cultures at the 
time of active growth of the hypoeotyls. The light- and dark-period ascorbic 
acid values of all organs of the plant receiving added nutrients are sliowm 
on a uniform scale in figure 6. The leaves contained about 65 per cent of 
the total quantity of the vitamin and the roots about 30 per cent in the 
eight- to ten-day stage of development. As the plants became older the 
proportion in the leaves became relatively greater and that in the roots 
correspondingly less. 

The great difference resulting from expression of the metabolism of 
ascorbic acid as total amount or as milligrams per gram may be noted by 
comparing figures 1, 7, and 8. Figure 7 sho\vs the ascorbic acid values of 
the entire plant and of the top only expressed as milligrams per granx and 
figure 8 the total ascorbic acid and green weight of the top excluding the 
eotyledoiis. The much smaller size of the diurnal fluctuations in the exitire 
plant, as eonipared to those in the tops only, result from the fact that the 
roots, which constitute a relatively large proportion of the green weight of 
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the entire plant, did not show fluctuations with regularity. Figure 9 shows 
the ascorbic acid content of the primary leaves on a iiercentage basis. The 
slope of the curve is strikingly diffei^ent from that representing the progres- 
sive changes in total content (fig. 3). There was a marked gain in concen- 
tration and ill total quantity of the vitamin on the third day when the 
chloroplast-containing niesophyll tissue was developing rapidly. Eapid 
growth on the fourth night resulted in a marked decrease in ascorbic acid 
on a percentage basis. The total values show that actually a considerable 
gain occurred during this time. During the light period on the fourth day 
onl}^ a very slight gain on a percentage basis was found whereas the total 
quantity in the leaves increased markedly. On the fifth night a very large 
loss of the vitamin on a percentage basis, undoubtedly caused chiefly by a 
rapid increase in the water content, and a very slight loss on a total basis 
occurred. During the light period on the fifth day and on each succeeding 
day there was a considerable increase on a percentage basis. Greater losses 
at night than gains during the day in vitamin concentration cause the 
downward trend of the percentage curve and smaller losses at night than 
gains during the day are responsible for the upward trend of the curve 
representing the absolute amounts of ascorbic acid. In plants having many 
full-grown leaves the influence of growth of a few young leaves during the 
night on the vitamin C percentage value of the entire mass of leaves would 
be comparatively slight. There ■would, however, tend to be an appreciable 
error as a consequence of the gain in water content which is known to take 
place at night even in fully grown leaves under the general atmospheric 
conditions of summer. For example, Lloyd (1913) found from 7 to 15 per 
cent higher water content at sunrise than in the afternoon in the leaves of 
cotton plants at Auburn, Alabama, and Tucson, Arizona; Miller (1917) re- 
ported a 5.4 per cent higher average water content in corn and 5.9 per 
cent higher value in kafir between 1:00 and 5:00 a.m. than between 1:00 
and 3 :00 p.ni. 

In view of these considerations it seems obvious that only by measure- 
ments of the absolute amounts of ascorbic acid either in the entire plant or 
in individual organs can the magnitude of diurnal changes in its content 
be shown with a fair degree of accuracy. When plants are considered in 
terms of their nutritive value mth respect to vitamin C, expression of their 
ascorbic acid value on a percentage basis is both valid and praetiearbut 
in terms of the performance of the plant itself it is not of any coiisiderable 
value except when aecompanied by an evaluation of the vitamin in terms 
of absolute amounts. " 

Pigiires 10 and 11 show the results obtained in the second experiment 
ill which plants kept in darkness for twenty-four lioiirs previous to testing 
are contrasted to those subjected to the normal day and night periods. 
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The broken line shows the ascorbic acid content of plants subjected to the 
normal daily periods of dayligtit and darkness. The points at the free ends 
of the solid lines show the ascorbic acid content of the plants kept in dark- 
ness for twenty-foiir hours. The points are connected by the solid lines 
with the points representing the approximate content of the plants at the 
time they were placed in the dark chamber. Hence a slope upward of these 
lines represents a gain in ascorbic acid during the dark period and a slope 
downward represents a loss. It may be noted (%. 10) that as in the previous 
experiment an increase in the total quantity per plant occurred each day 
until the stored reserves in the cotyledons were exhausted. After this time 
there were losses during* the dark period. The plants grown without added 
nutrients yielded similar results, although growth was less rapid and losses 
of ascorbic acid during the dark period were smaller (fig. 11). A lowering 
of the vitamin C content by as much as 28 per cent in the plants wdiieh re- 
ceived nutrients and of 20 per cent in those not so supplied was found. 
These latter plants contained considerable starch at the end of the dark 
period. Hence, if plants form ascorbic acid from stored carbohydrates, it 
appeared that those employed in these tests lacked the capacity, at least to a 
measurable extent, to utilize their stored carbohydrates in the synthesis of 
the vitamin during periods of darkness. 

The green weights of leaves, steins, and roots all increased during the 
dark period (figs. 12, 14, 16) and the gains w^ere coineident wuth losses in the 
total quantity of ascorbic acid in the plant. Analyses of the vitamin C content 
of the individual organs revealed that the greater portion of the total loss 
during the twenty-four-hour dark period occurred in the leaves (fig. 13). 
However, in proportion to the total quantity present, the losses in the stems 
\vere of equal magnitude (fig. 15). The roots tended to show neither definite 
gains nor losses of ascorbic acid after the plants became independent 
(fig. 17). 

Attempts were made to determine if all or part of the loss of ascorbic 
acid during periods of darkness may result from conversion of the vitamin to 

Explanation of figures 7-11 

Fig. 7, Milligrams per gram fresh weight of ascorbic acid in entire plant and of top 
only. Fig. 8. Total ascorbic acid and green weight of top. Fig. 9. Milligrams per gram 
fresh weight of ascorbic acid in leaves. 

In figures 10-17 the broken lines eonneet points representing ascorbic acid or green 
weight values of plants grown under normal daily alternations of light and darkness; the 
points at the free ends of the solid lines represent the values obtained with plants kept 
in darkness twenty-four hours previous to testing. Each point is connected hy the solid 
lines with the point representing the approximate value of the culture at the time it was 
placed in the dark chamber. Except where the contrary is speeially indicated, the graphs 
represent the average values in a plant grown with added imtrients. 

Fig. 10, Ascorbic acid values in entire plant. Fig, 11. Ascorbic acid values in entire 
■\plant grown,' without' added nutrients. .'■■ ■ 
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the deliydro form (Bessey 1938). Since the results were not coneliisive the 
problem will be given further study. Moldtinann (1939) found no aeeuinu- 
latioii of deliydroascorbie acid following periods of darkness in tlie plants 
wiiicdi he studied. 

Tests have also been made to determine the course of asc()rbi(' acid aecii- 
iiiulatioii in cowpea seeds during the first twenty-four-hour period of ger- 
iiiination. Seeds were supplied Avith moisture and kept at a temperature of 
29° C. Ascorbic acid assays were made at two-hour intervals. Figure 18 sIioaa^s 
the results. An indoplienol-redueing action of the extracts Avas observed after 
a period of four hours and a considerable increase in the magnitude of the 
reaction Avas observ^ed by the tenth hour. It is of interest to note tliat this 
folloAved the attainment of maximum absorption of A\mter by imbibition. 
The increase in green AA^eight after the fourteenth hour is doubtlessly a con- 
sequence of groAvtli, At the end of the tAveiity-four-hour period the sprouts 
Avere about 1 centimeter long. 

It was observed in other experiments that detached cotyledons placed on 
moist biter paper in Petri dishes and incubated for 20 hours at 29° C. pro- 
duced almost as much ascorbic acid as intact seeds incubated similarly. The 
cotyledons of old seeds AAhich had lost viability produced no ascorbic acid 
when placed under conditions favorable to germination. When a hue poAvder 
produced by grinding a Aveighed quantity of the cotyledons Avas incubated 
there Avas no rapid indophenol-reducing activity such as is characteristic of 
ascorbic acid. There Avas, iiOAvever, a very slight but sIoav reaction with a fad- 
ing end-point. These latter results Avere not in agreement Avith observations 
reported by Pereverzev (1937) aaTio found that crushed cotyledons of 
legumes retained tlie ability to form vitamin C. Further tests Avitli coAvpea 
cotyledons Avere eondueted to determine the reason for the discrepancy be- 
tAveeii the present and Pereverzev ^s results. Cotyledons cut Avith a scalpel so 
as to form a mixture of fine and coarse particles, when incubated under con- 
ditions favorable to germination, Avere found to have an ascorbic acid (*ontent 
almost equal to that of entire cotyledons. These results suggested that the size 
of particles into AAhich the cotyledons Avere broken might be an important 
factor in eansing the differences in the above mentioned tests. 

A series of tests aaus conducted witli cotyledons crushed and sorted into 
different sized particles. In each of the tests three grams of the material were 
placed on a double layer of filter paper in a Petri dish, and 5 cubic eenti- 
iiieters of distilled Avater added. The cover of the dish was raised slightly by 

Explanation of figures 12-18 

Fig. 12. Green Aveiglit of leaves. Fig. 13. Ascorbic aeici content of leaves. Fig. 14. 
Green weight of steins. Fig. 15. Ascorbic acid content of stems. Fig. 16. Green Aveiglit 
of roots. Fig. 17. Ascorbic acid content of roots. Fig. 18. Green weight and ascorbic 
acid content of seeds placed in germinators kept at 29° C. and tested at two -hour inter A^als 
daring the first tAventy-f our hours. 
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a wedg-e of folded paper to provide for aeration. After incubating the culture 
at 29'" C. for 15 hours, ascorbic acid assays were made. Prom the data pre- 
sented ill table 1 it appears that size of the cotyledon particles is a factor 
iiifliieiiciiig the capacity for ascorbic acid synthesis. 

TABLE 1 

Effect of comminution of cotyledons into different slsed particles upon their abUity to 
synthesize ascorbic acid when exposed to conditions suitable for germination 


Screen Size of opening Total ascorbic, acid Ascorbic acid 


mm. mg. nig./ 100 g. 

Entire cotyledons 0.269 8.94 

1 iionnal size 0.246 8.20 

10^^ 2.00 0.267 6.85 

20 0.84 0.196 5.10 

40 0.42 0.048 1.60 

60 0.25 0.016 0.54 

80 0.177 0.008 0.27 

Over 80 Possibly a trace 


Tlie data for eacli screen represent the values obtained witli particles retained by 
that mesh Init ndiicli jiassed through tlie openings of the preceding screens. 

The results of these different experiments with cotyledons show (1) that 
the vitamin can be generated from a precursor stored within the cotyledons 
and that an iiifiuenee from the plumule or radicle is unnecessary, and they 
suggest, furthermore, that vital processes are probably involved since the 
synthesizing eapaeity is lost when the tissues are finely pulverized, and also 
when viability is lost by aging. 


DISCUSSION 

x\.fter the plants used in these tests liad exhausted the reserves in the 
cotyledons tluyv lacked the capacity during the night to synthesize as much 
ascorbic acid as was being used, with a resultant loss. In fact, the,v may not 
liave svmtliesized any, or the decrease may have represented the excess of loss 
over gain. The results show conclusively that ascorbic acid is metabolized in 
darkness. Similar metabolic processes probably occur also in light but they 
cannot be detected readily’' because of rapid synthesis in light. The fraction 
assa.ved constitutes supposedly the luiusiied portion only. Plenee acenmula- 
tion is ineasurable by present teehni([nes but not the full niagnitiide of syn- 
thesis. The fate of the disappearing portion is not known with certainty. 
It may be destroyed in respiration or it may be used in some special type of 
syuxthesis. Experiments with plants kept at different temperatures have 
shown that it is lost during dark periods only- when the temperature is high 
enough to permit growth, and that the more rapid the growth the greater 
theloss.^ 

^ These results will be described in another publication dealing with the effects of 
temperature on ascorbic acid acemnulation in eowpea plants. 
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The failure of the plants employed in these experiments to increase their 
ascorbic acid in darkness following exhaustion of the reserves stored in the 
cotyledons suggests that the eapaeity to convert carbohydrates to ascorbic 
acid ill darkness is very weak or may be entirely lacking*. The ability to aecii- 
niiilate the vitamin in darkness during the period of utilization of the 
reserves in the cotyledons may be explained (1) by the storage during de- 
velopment of the seed of a elosel}^ related precursor which may be mobilized 
and reconstituted during germination or (2) by a somewhat different type 
of enzymatic action in the young seedling which may permit the conversion 
of stored carbohydrates such as starch to ascorbic acid. This capacity may be 
lacking or at least is relatively weak in the actively growing plant after it 
becomes independent of the cotyledonary reserves. 

There is insufficient evidence to furnish a conclusive answer as to whiclu 
if either, of these hypotheses is correct, but there are, however, certain argu- 
ments in favor of a synthesis of a closely allied precursor. The relatively 
prompt reaiipearance of the vitamin when moisture is supplied also suggests 
a conversion from a closely related form. Previous study has shown that 
ascorbic acid accumulates in growing eowpea seeds approximately as long as 
the green weight continues to increase (Reid 1937). More recent investiga- 
tions (unpublished data) have shown a similar relation in developing soy- 
beans. Parsons (1920) pointed out that the vitamin might possibty pass into 
an inactive state on aging or drying and that it might be reconstituted in 
such ph^^siological processes as the sprouting of seeds. Little attention has 
been given to this suggestion, how^ever, since up to the present time there has 
been no obvious reason for questioning the ability of the plant to convert 
some of the mobilizable carbohydrates into ascorbic acid. Moreover, there has 
been considerable experimental evidence to support the viewpoint of a fairly 
direct conversion. Plants kept in darkness have been shown to increase their 
indophenol-redueing activity when supplied with sugar solutions of several 
types (Ray 1933, Reid 1938, Moldtmann 1939, Rubin et al. 1939, and others). 
There is no assurance in the reported tests, how^ever, that the cultures w’ere 
kept in a sterile condition. It is possible that micro-organisms may have pro- 
duced indophenol-redueing substances other than ascorbic acid. Antiscor- 
butic tests of the product responsible for the increasing reducing activity in 
plants under the conditions described have not been reported. It is evident 
that further study is required before conclusions may be drawm on the 
ability of plants to convert carbohydrates into ascorbic acid. It is possible 
that they may be of use in such a synthesis but that the process is not so 
direct as has been postulated. 

^ SUMMAKV; 

■df Ability do increase 'the dotal nscorbic acid,, as determined byrnednctioniof'" 
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iiidoplieiiol, daring- periods of darkness continues as long as the stored 
reserves in the cotyledons remain available. 

After this time the plant lacks the capacity to use carbohydrates in the 
synthesis of the vitamin, or, if the conversion occurs, the rate is so slow that 
the metabolic loss inasks the s,yiithesis. 

The loss is accompanied by growth. This suggests that the ascorbic acid 
may be destroyed in respiration or may be used in some special type of 
SAui thesis. 

The possibility is discussed that the net loss or gain may not represent 
the magnitude of ascorbic acid synthesis or loss. 

Evidence is presented which shows that the net magnitude of the diurnal 
fluctuations in ascorbic acid can be shown only by measurements of absolute 
amounts in individual organs or in the entire plant. 

It is suggested that the synthesis of ascorbic acid during the dependent 
phase of growth is effected by the reconstitution of a, closely related pre- 
cursor stored in the seed during its development. 

An influence of the plumule or radicle is unnecessary to effect synthesis 
of ascorbic acid in the cotyledons. The ability of crushed cotyledons to syn- 
thesize the vitamin appears to be dependent upon size of the particles. 

National Institute of Health, IJ. S. Public Health Service 

AND 

Division op Forage Crops and Diseases, 

IT. S. Department op Agriculture 
Arlington Experiment Farm 
Eosslyn, Virginia 
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CALCIUM AND PHOSPHORUS AS THEY INFLUENCE 
MANGANESE IN FORAGE CROPS^- 


Wm. a. Albrecht and N. C. Smith- 
(with five figures) 


Plant physiology has regularly recognized the significance of the degree 
of acidity of the soil, but has not yet clearly interpreted its significance in 
plant nutrition. Emphasis on lime additions to the soil for its modification 
of the degree of soil acidity has overshadowed attention, to calcium as a 
nutrient, and , or as it serves in bringing other nutrients into the plant. 
Because the degree of hydrogen-ion saturation of the colloidal fraction of 
the soil is niainly the reciprocal of the loss therefrom of calcium ions, we 
have been inclined, in eases of crop failure, to attribute causal significance 
to the wrong one of these reciprocal factors. Studies of the significance of 
caleium in nitrogen fixation and plant nutrition were undertaken to deter- 
mine more accurately the role of calcium in crop growth. The separation 
of its role in chaiiging soil reaction from that in serving as plant nutrient, 
and ill mobilizing other nutrients into the crop, served as a challenge. Its 
relation in this last respect to manganese in iiarticular, one of the micro- 
nutrient elements, was chosen for study. 

The importance of manganese in the nutrition of plants (5, 12, 13, 16) 
and of animals (9, 15, 18) has been established well enough to ^varrant 
attention to it in soil fertility. Its disturbed delivery to plants by soils 
near the neutral or alkaline reactions has been recognized (8, 11, 17). Such 
irregularities put the common practice of liming a soil for the sake of 
neutrality into tlie clanger zone of general manganese shortage for jilants 
in our extensive agricultural soils. Since caleium as a nutrient item, par- 
ticularly for nitrogen fixation b.y legumes, has been separated from its 
effects in modifying soil acidity (1, 2, 3), the following study attempted 
to determine manganese movement into the crop Avhen calcium, modified 
the soil reaction as contrasted to that wdien calcium served as a nutrient 
without changing the reaction of the entire soil body in root contact. Phos- 
phates were tested similarly as to their influence on the manganese. 

PLAN OF STUDY 

The soil used was the surface layer of a well weathered prairie soil of 

1 Contribution from tlie Department of Soils, Missouri Agricultural Experiment Sta- 
tion, Columbia, Mo., Journal Series No. 686. 

Acknowledgment is gladly made to Dr. Victor Ells for tlie spectrograpliic analysis; 
and to help by the National Youth Administi*atioii in growing the plants. 

2 Professor and Instructor in Soils, respectively, College of Agriculture, University 
of Missouri. 
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the Kansan glaciation, one of the plaiiosoLs," known as the Putnam silt loam. 
It is of acid reaction, pH 5.5, relatively low in organic matter and phos- 
phorus, and developed to the jioint of having a marked clay coneeiitratioii 
in the upper subsoil. Its exchange capacity is approximately 20 M.E. per 
100 gins, of soil. This is usually saturated to about 50 per cent with hydro- 
gen. The more common legumes will produce only poor yields on this soil. 

Aniounts of treatments applied. Pot cultures ivere grown in qiiintii- 
plicates of two legumes, sweet clover (MeUlotus alha) and lespedeza (Les- 
pedeza stipidacea) , and of two non-legumes, bluegrass {Poa- pratensis) and 
red top (Agrostis alha). The soil treatments consisted of separate additions 
of ealcium carbonate, of calcium phosphate and of sodium phosphate, and 
of joint additions of the calcium carbonate and calcium phosphate. The 
amounts of calcium carbonate applied to the soil 'were such as (a) would 
exchange slightly more than one-half of the replaceable hydrogen in one- 
fourth of the soil; and (b) would more than replace the total exchangeable 
hydrogen in this smaller soil portion. The phosphates were used in aniounts 
that represented (a) liberal applications in practice, and (b) twice this 
amount. 

Placement of treatments. The applications of ealcium carbonate were 
made by distributing it (a) throughout all the soil in the pot, and (b) into 
the surface one-fourth of the soil. The calcium phosphate was applied simi- 
larly. The sodium phosphate wms put into only the surface or one-fourth. 
The joint applications of ealcium carbonate and calcium phosphate were 
used in the four possible combinations as amounts, and w^ere placed into 
the surface or one-fourth of the soil onl 3 L 

These placements of the calcium carbonate provided, in the first place, 
two different, but low, degrees of ealcium saturation or of partial neutraliza- 
tion of the entire soil volume available to the plant. In the second place, 
they provided soils in which the surface areas alone had two different 
degrees of ealcium saturation, namely one with more than 75 per cent and 
one in excess of complete calcium saturation, while three-fourths of the soil 
volume remained uiiti*eated. For simplicity’s sake, these distributions of 
the additions to the soil may be spoken of by numbers as folloW'S : 

Treatment No. 1 — Small amount throughout the entire soil volume. 
Treatment No. 2 — Large amount throughout the entire soil volume. 
Treatment No. 3 — Small amount through one-fourth or surface of the soil. 
Treatment No. 4— Large amount through one-fourth or surface of the soil. 

The phosphate additions represented dijBferent and higher degrees of 
saturation by the phosphate in the surface portion of the soil, and two 
different, but much lower, degrees of saturation when applied throughout 
the ehtire soil body. The combinations of ealcinm carbonate and calcium 

, s According to' Soils md .Yearbook nf 'A,griculture, 1038. 
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phosphate were used in t’iie surface portion oiilw, and represented the liiglier 
degrees of surface soil saturation by eaeli of tliein. No iiiangaiiese was 
applied. 

Analytical methods. The crops were harvested at intervals of significant 
top growth so as to simulate grazing. Weight records of the liarvests were 
taken. The crops were submitted to analysis by the standard gravimetric 
methods for the calcium and phosphorus and to the Lundegardh spectro- 
graphie method for manganese, and account was taken of the concentrations 
and totals in the crops. 

RESULTS 

Results from cnilciuni carhonate. The most noticeable result was the 
influence of the iiicreasing amounts of calcium carbonate througliout the 
entire mass of soil (Treatments Nos. 1 and 2), as they reduced the per- 
centage and the total amount of manganese in the crop ; and the influence 
of the increasing degree of saturation of the surface soil layer by calcium 
(Treatments Nos. 3 and 4), as it had the very revei'se effect. The percentages 
of the manganese in the crop are shown in figure 1, and tlie totals of it 
in figure 2. There is siich a pronounced similarity between these two figures 
as to testify that the manganese responds as a decided nutritional disturb- 
aiiee in the plant metabolism rather than as a variation in manganese 
amounts simply according to variable plant mass. When the manganese 
behaviors, as given in figures 1 and 2, are related to the total ealeium taken 
by the crop, as given in figure 3, then this fact becomes more evident. In 
Treatments Nos. 1 and 2 by limestone, which were lessening the soil acidity 
to greater degrees and were giving large ealeium intake by the crop, there 
were decided decreases in the manganese concentrations of and intake by 
tlie crop. Yet in Treatments Nos. 3 and 4, wliich saturated the upper portion 
of the soil more completely so as to change the soil reaction miicli more in 
that limited soil volume and to deliver still greater amounts of calcium into 
the crop, tliere was the reverse relation between tlie manganese and tlie 
calcium, and gave increasing concentrations and total amounts of manganese 
taken by the crop. 

This suggests clearly that an increase in. the amounts of calcium car- 
bonate tliroughout the soil, so as to shift its reaction toward neutrality, served 
to decrease the movement of manganese into the crop. Inereasing the delivery 
of calcium to tlie plant by means of the higher saturation in the limited 
surface soil zone brought increasing delivery of manganese presumably from 
the reniaining three-fonrths of the soil given no calcium carbonate. As an 
agent that removed soil acidity, the calcium carbonate lessened the amount 
of manganese going from the soil to the crop. As a fertilizer that supplied 
ealeium to the crop, it enabled the i)lants to take greater amounts of niaii- 
ganese from the soil below the zone of calcium fertilization. 
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NONE 1 2 3 4 NONE I 2 3 4 

Calcium Carbonate —Treatment No. Calcium Carbonate —Treatment No. 


1 2 

Fig. 1. Percentages of manganese in the diin:erent crops as influeiicecl hy two dif- 
ferent amounts of ealcinm carbonate applied tlirougliout the soil (Treatments Nos. 1 and 
2), and into the surface soil only (Treatments Nos. 3 and 4). Fig. 2. Total manganese in 
the different crops as influenced by two different amounts of calcium carbonate applied 
throughout the soil (Treatments Nos. 1 and 2), and into the surface soil only (Treat- 
ments Nos. 3 and 4). 

Possibly an increased or modified microbiological action as a competitor 
with the plant for the manganese (7^ 10), may be the explanation for the 
reduction in manganese within the crop when ealcinm carbonate was dis- 
tributed throughout the soil. This is suggested by the fact that the smaller 
application (Treatment No. 1), was relatively more distnrbiiig than the 
larger one (Treatment No. 2), as is showm by the graph as the mean for 
all four crops either as percentage or as total manganese in figures 1 and 
2. These studies did not aim to separate the microbial from the simple 
chemical, effects.' 

Such facts bring to attention the need to consider whether our use of 
calcium earbonate, or limestone, for the purpose of correcting soil acidity 
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is the most effective service by this soil treatment that is now niidergmng 
wider adoption as a regular farm practice. They suggest that ealciuiii must 
be put into the fertilizer category, and that excessive applications prompted 
by low cost or unbridled enthusiasm may bring disappointments. 

Besulis from phosphates. The influence of the single phosphate soil treat- 
ments on the manganese intake into the crop was wholly positive, in that 
as more phosphate was given, either throughout the entire soil mass or into 
the surface soil only, there was increasing manganese in the harvest. These 
data are brought together in figure 4, which gives the totals for manganese 
and for phosphorus taken by the plants per pot. 

Increasing the sodium phosphate in the upper soil portion increased 
the manganese taken. Putting the calcium phosphate into the top soil (Treat- 
ments Nos. 3 and 4), was more effective in bringing both manganese and 
phosphorus into the harvest. This is shown by the highest points on the 
graphs at the right side where the double dosage of calcium phosphate in 
the surface soil is indicated. The positive relation between the total man- 
ganese and the total phosphorus in the crop is shown more clearly by the 
close parallelism between the graphs representing the respective means for 
all crops. It points to an increase of manganese that "was parallel with 
increased crop yield. 

Besulis f rom calcium carhonate combined with calcium pJiosphate, When 
the joint applications of calcium carbonate and calcium phosphate are ob- 
served for their influence on the manganese harvested in the crop, this is 
slightly greater per unit of phosphorus taken by the crop than was the 
case where phosphates were applied singly. This is shown in figure 5, more 
particularly in the graph for the mean of all crops combined. The offering 
of more of each of these soil treatments so as to grow heavier crops in- 
creased the manganese taken from the soil. This suggests that the use of 
the manganese was correlated with the better or increasing growth through 
ealeium and phosjihate treatments. 

Seemingly, then, the manganese was not a limiting factor in this Putnam 
silt loam. Its consumption by the plant from this soil was hindered, in 
some measure, by the phosphorus shortage, but more by the calcium short- 
age. It %vas when both calcium and phosphorus w^ere applied that the largest 

Explanation of figures 3-5 

Fig. 3. Total calcium in the different crops as influenced by two different amounts 
of calciinn carbonate applied throughout the soil (Treatments Nos. 1 and 2), and into 
the surface soil only (Treatments Nos. 3 and 4). FiG. 4. Total manganese and phosphorus 
in the different crops as infliienced by different amounts of phosphates applied through- 
out the soil (Treatments Nos, 1 and 2), and into the surface soil only (Treatments Nos. 
3 and 4). Fig. 5. Total manganese and phosphorus hi the different crops as influenced by 
two different amounts of calcium carbonate and calcium phosphate used in their possible 
combinations in the surface soil, (Lighter lines ~ P. Heavier lines =:Ca.) 
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crops were gTOwii, and that the larger anioiiiits of inaiiganese were taken 
from the soil. 

3I(inganese contents of the different crops. The contents in manganese 
of the different crops are worthy of note. They are in agreement with 
analyses by others, particularly the high value for redtop (6, 14), and 
suggest that manganese is another help in fitting crops into the general 
ecological array of plants according to composition (4). The variations in 
eoiiceiitratioiis and totals in the different crops are assembled in table 1. 

TABLE 1 


Corieentratkyn.s and tokih of manganese in the differeM crops. 
(Banges for different soil treatments) 


Crops 

Concentrations, per cent 

Totals, mgms. 

Soil treatments 

Calcium 

carbonate 

Phosphates 

ChUcimn 

carl:)onate 

pins 

phosphate 

Calciuin 

carbonate 

Pliospbates 

Calcium 

carl:)()nate 

plus 

phosphate 

Kedtop 

.023-.0Ci4 

0.10 -0.14 

.053-.071 

1.9-7.0 

0.8-1. 3 

4.9-7.0 

Bluegrass 

,008-,01 

0.020-0.024 

.013-.018 

0.6-1.0 

1.8-2.8 

1.3-1.9 

Lespedeza 

.()08-.017 

0.014-0.018 

.011-016 

0.9-2. 5 

1.9-2.13 

1. 7-2.4 

Sweet clover ... 

.012-.022 

0.020-0.026 

.014-019 

1.0-2.3 

1.7-3,2 

2.3-3.0 

Range of vari- 







ation in eoii- 







eeiitration ... 

0.56 

.016 

.042 





In terms of eoneentrations of manganese within the crop, redtop is iniich 
the highest, reaching 0.14 per cent on soil given calcium phosphate only, 
and .071 per cent where this treatment was combined with caleium carbon- 
ate. It is followed in order by sweet clover with .026 per cent as maximum. 
Then comes bliiegrass witli .024 per cent as its highest and lespedeza witli 
.018 per cent as its uppermost concentration of manganese in these trials. 
When the calcium carbonate wTis xnit into tlie surface soil to give more 
ealcium to the crop, then the concentration of manganese was higher in 
the lespedeza than in the bluegrass. 

When attention is directed toward the total inanganeses in the crop, 
then the redtop is the highest, provided it was given calcium phosphate 
either singly or combined with caleium carbonate. Here in the case of a 
erop eoinmoiily considered suitable for lime-deficient soils and commonly 
not given soil treatment, calcium and phosphorus play an influential role 
in helping it to get manganese from the soil. Sweet clover follows in order 
as it did for manganese concentrations, particularly for the soil treatments 
of caleium carbonate and calcium phosphate used jointly. Bluegrass took 
the largest amounts for this crop when it w^as given phosphate, while lespe- 
deza behaved similarly. 
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SUMMARY 

Tlie concentrations of manganese within the crop and the totals taken 
by it from the soil point to a dual role by ealeium carbonate in relation to 
this iniero-iiiitrient in plant nutrition. "When ealcinin carbonate, or lime- 
stone, was mixed throughout the soil so as to modify its reaction, then the 
eoneentration and total of manganese in the crops were decreased as the appli- 
cation to the soil and the consumption of calcium by the crop increased. 
When, howeA^er, the application AA^as put into the surface soil to increase 
crop consumption of the ealeium even more, then the reA^erse effect on man- 
ganese AA^as manifested, so that the concentration and the total of manganese 
AA^ere increased. 

When phosphate Avas applied to proAude increasing concentrations, 
AAdiether in the entire or in the limited soil Amliime, then the additional 
phosphorus for the crop gUA^e increasing manganese haiwest, roughly parallel 
AAUth increased crop groAAdh. 

Combinations of lime and iihosphate in the limited soil areas aided the 
crop in taking more manganese. 

These studies emphasize the need to consider the beneficial nutritional 
role of calcium Avithin the plant, on soils such as the type used, in making 
manganese aA^ailable for the plant as reflected in the increased eoneentra- 
tions. Then there is need to consider the possible detrimental role of calcium 
carbonate as it modifies the reaction of the soil or other soil conditions and 
reduces the manganese taken by the crop possibly to the danger point of 
manganese deficiency. 
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CYLINDROCHYTRIDIUM JOHNSTONII GEN, NOV. ET SP, 
NOV., AND NOWAKOWSKIELLA PROFUSUM SP, NOV. 

John S. Karling 
(with sixteen figures) 

During* the Christmas holidays, 1940, while duck hunting on the Mount 
Prospect estate of J. Ambler Johnston which adjoins the Pamunky River 
in New Kent County, Virginia, I collected samples of water containing vege- 
table debris from a number of swamps and streams to determine the presence 
and relative abundance of chytridiaeeous fungi during the winter months. 
These samples were brought to New York and placed in deep glass dishes 
on a table before an east window in the laboratories at Columbia University 
and baited with cooked, bleached leaf fragments, root tips, etc., of various 
grasses in the manner previously described by the author (1934, 1935, 1937). 
Within a fortnight a large number of fungi and chytrids appeared. The 
infected grass tissues were then washed thoroughly with distilled water 
under pressure and transferred to sterile Petri dislies coiitaining charcoal 
water and bits of cellophane. The latter has proven to be an excellent 
medium for the growth of these chytrids, as Haskins (1939) has so well 
shown for other species. 

Among the numerous fungi which were trapped in this maimer appeared 
a few thalli of a monocentrie chytrid with a cylindrical, stalked or septate 
sporangium subtended by an extensive eatenulate rhizoidal system. Because 
of the characteristic shape of its sporangium, this chytrid was first believed 
to be a species of Cox (1939) or Blastodadiella Matthews 

(1937), but subsequent observations showed that it differs from these genera 
by one outstanding and several minor characters. The sporangia of the 
two above-mentioned genera open by the deliquescence of one or more exit 
papillae, while those of our fungus are opereidate. In addition, its zoospores 
include one large refringent globule like most other chytrids; those of 
and Blast ocladiella contain several minute refractive 
bodies and resemble the zoospores of other species of the Biastoeladiales. 

Because of its opereulate, cylindrical, and stalked sporangia our species 
does not belong in either of these or any other known chytrid genera. A 
new genus is accordingly established to include this chytrid, and because 
of the charaeteristic shape of its sporangia the name CylindrocJiytridmni 
is proposed. The type species is named C. Johnsfonii in honor of Mr. J. 
Ambler Johnston of Richmond, my kind and generous host on the occasion 
of this.pleasaiit' holiday ill' Virgm^ : 
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CYLINDROCHYTRIDIUM Karilll^', [>‘011. IIOV. 

Tlialliis inoiioeeiitric and eiiearpie. Zoosporaiig'ia usually stalked and 
evliiidrical, oeeasionally sessile, opereulate. Zoospores posteriorly iinifla- 
<>*ellate, einergiiig- fully formed and lying* quiescent in a globular niass at 
the orifice of the sporangium for a few minutes before swamming away. 
Rliizoidal system extensiAT, branched with numerous eatenulate spindle- 
shaped swellings. Resting spores unknown. 

Tliallo moiioceiitrieo, eucarpico; zoosporangiis pleruinqiie stipitatis et 
cylindrieis, aliqiiando sessilibus, operculatis. Zoosporis a tergo iiniflagellatis, 
inatiiris einergentibiis et globoso cuniulo orificio sporangii quiescentibus 
atque niox natantibiis. Ehizoideo s^^stemate extenso et ramoso, cum nunier- 
osis eatenulatis fusiformibus incrementis. Sporis perdurantibus incompertis. 

Cylindrochytridium Johnstonii Karling, sp. nov. Zoosporangia 
line, smooth, thin-walled, usually tubular, cylindrical or slightly clavate, 
12-25 p X 30-800 p, occasionally oval, pyiuforni and sessile; stalk or basal 
portion usually of the same shape and diameter as the sporangium, but 
sometimes inflated, yesicular, irregular and apophysis-like. Opereulum oval, 
ellipsoidal, 4x6p-8xl0p, spherical, 4-17 p ; remaining attached to the 
sporangium or lying loose nearby. Zoospores spherical, 5.6-7 p, Avitli a large 
highly refractive globule; flagellum 22-26 p long. Rliizoidal system arising 



Pig. 1. Johnstonii. Variations in the size and shape of sporangia. 
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from one to several points on the base of the stalk, extending’ over a radius 
of 100-1200 p; spindle shaped swellings 8 x 12 {i~20 x 30 p, rarely lacking 
entirely. 

Saprophytic in decaying i^egetable debris in swamps and streams in 
New Kent Coiuity, Virginia. 

Fungus saprophyticus ; zoosporangiis hyaliiiis, levibus, tenui pariete, 
plerumque tubulosis, cylindrieis aiit parum elavatis, 12-25 jj x 30-800 p, 
interdum ovalibiis, pyriformibns atque sessilibiis; stipite ant radicali parte 
plerumque similiformi et -diametro sporangio, sed aliquando iiiflato, vesi- 
culoso, irregular! et apophysiformi. Operculo ovali, ellipsoideo, 4 x 6 p- 
8 X 10 p, aut sporangio affixo aut liberato acliacente. Zoosporis sphaericis, 
5.6-7 p, magno maxime refractivo globulo praeditis; flagello 22-26 p longo. 
Rhizoideo systemate aut uno aut pluribus loeis radicali ex parte stipitis 
oriente, 100-1200 p ; incrementis fusiformibus 8 x 12 p-20 x 30 p, quae raro 
omnino desunt. 

The sporangia of this species are predominantly tubular and cylindrical, 
but they may often vary considerably in shape, as is shown in figures 
1A~1J. In some individuals the basal portion or stalk of the thallus may be 
very irregular (figs. lA, ID, IE, IG, and IH), while in others the sporangia 
are curved and coiled with inflated tips (figs. IF, 13, 14). Oval and obpyri- 
form sporangia with short or elongate stalks may also occur (figs. 1C, II, 
11, 12). When treated with ehoro-iodide of zinc, the walls become pale 
lavender in color, indicating a faint trace of cellulose. In this respect C. 
Jokustonii^d^ ClavocJiytridmm stomophiliim and R. simplex. 

While the spindle-shaped swellings in the rhizoidal system are usually 
present, they may be lacking entirely in certain thalli (figs. 1C, II, and 12) . 
These swellings were first believed to be due to the expansion of the rhizoids 
after they had passed through successive cell walls of the grass leaf, but 
this is apparently not the cause of their formation. In the elongate elements 
of the vascular strands as many as four swellings were present in a single 
host cell, which indicates that they are a fairly eonstaut morphological 
character. The rhizoidal system of C. Johnstonii is very similar to that of 
CatenochytriM^ Berdan (1939) with its compound eatenulate apophysis, 
with the exception that the swellings are usually more elongate and thin- 
walled. In this latter respect it is more like that of Ch/rocJqiytriddfiu. 
Whether or not the swellings in the rhizoids of C. Johnstoim are to be re- 
garded as eonstitiiting a compound apophysis is obviously a matter of 
personal interpretation. Because of its monoeentrie, rhizidiaceons, eucarpic 
thallus, this species apparently belongs in the Rhizicliaceae as this family 
is noW' recognized. Since no x*esting spores have been fomid, its relation 
to the other genera of this family is not clear at the present time. 

DEVELOPMENT OP THE THAULUS ^ 

The development of C. Johnstonii is essentially the same as that of most 
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iiioiioceiitric rliizidiaeeoiis ebytrids wliicli Sparrow, Couch, Berdan, and 
others have previously described, and it would be superfluous to describe 
this process in detail ag*ain. The zoospores 3) are eliaracteristic in 
shape and aetiA'ity and possess the well-known large refractive globule and 
posterior flagellum. The active swimming period lasts from 20 minutes to 
two hours, during which the zoospores may become intermittently amoeboid 
(figs. 4, 5). Ill germination, a fairly thick germ tube is formed (fig. 6) 
which penetrates the host cell and soon branches once or several times 
(fig. 7). When the boiled grass tissues are very soft, and at the point of 
disintegration, the thalli may develop intramatrically, and in such cases 
the rudiments of the sporangium and stalk begin as an elongate swelling 
ill the germ tube at or near the point of branching (fig. 8). As the swelling 
increases in size, the zoospore ease and a portion of the germ tube eventually 
disappear. A¥heii the thallus occurs partially iiitra- and extramatrically, 
the zoospore and a part of the germ tube form the sporangium and stalk 
after the rhizoidal system has become fairly well established (figs. 9, 10). 

As the thallus niatures, the protoplasm slowly flows upward into the 
incipient stalk and sporangiuiii, and as a result the rhizoids and louver 
portions become increasingly vacuolate (figs. 10, 11) in iiiiieh the same 
manner as has been described by Cox for Clavoehyiridiurn In tlie mean- 
time the amount of refractive material has increased and ajipears in the 
form of glistening suspended globules, as is characteristic of most rhizi- 
diaeeons chytxflds. After most of the protoplasm has aggregated in the upper 
part of the thallus, a cross wall is formed which delimits the sporangiimi 
proper from the more or less empty portion and rhizoidal system (fig. 12). 
After this, the protoplasm becomes coarsely granular in appearance (fig. 
12), and in a few hours the large definitive refractive globules appear 
(fig. 13). Cleavage seems to oeenr during or shortly after the granular 
stage, but cleavage furrows are not coiispieuous at any stage in living 
material. The sporangium may remain in the stage sliOAvn in figure 13 for 
several hours, but eveiitiiariy the operculum is ]:)ushed up and tlie zoospores 
begin to emerge (fig, 14). The operculum is fairly large and may occur at 
the apex (figs. 2, 15, IG, IH, IE, IP) or siibapically (figs. 1C, ID, II, IJ, 
Ir, 16). 

If the thallus occurs intramatrically in the soft host tissues, the tip of 
the sporangium usually projects to the surface so tliat the zoospores have 
no diffieiilty in getting out of the host. In some thalli, however, the zoospores 
may be liberated directly within the host. The zoospores emerge slowly en 
masse and are surrounded by a film of fairly consistent fluid or matrix 
(fig. 2), as in Endochytrhm, Chytridiiini^ Nep}iroc}i%jtrnmiy etc. Before all 
have emerged from the sporangium, the globular mass may break up and 
the individual zoospores swim away. Those which are left in the sporangium 
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tlieii emerg'e one by one and swhn directly aYTiy. In swimming, the zoospores 
of C. Johnsfonii behave like those of most other chytrids., and nothing* 
niuisiial in this respect has been observed. So far, no resting spores have 
been found, and it is impossible to say at present wliether this species is 
homo- or heterotliallic. 

Ill the same host tissues with C. Jolinstonu occurred another ehytrid 
species which is characterized by an umisnally coarse, profuse rhizomy- 
celiuiii and operenlate zoosporaiigia. It is obviously a species of Nowakows- 
kiella but dilfers in several ways from N. elegans^ N. ramosiini, and S&pto~ 
chytriHrn van'ahle, and I am accordingly diagnosing it as a new species, N. 
prof usum. An intensive cytological study of this species is now in progress, 
and the results thereof are to be published shortly. 

Nowakowskieila profusum Ivarling, sp. nov. Ehizomyceliiim very pro- 
fuse, extensive, and richly branched, hyaline, 6-15 g in diameter ; well-de- 
fined, septate, spindle-shaped and oval swellings rare or lacking; rhizoids 
abundant. Zoosporangia terminal or intercalary, hyaline, smooth, rarely 
apophysate, splierieal, 10-45 p, ovoid, ellipsoid, 8 x 12 p-20 x 35 p, clavate, 
obclavate, 10-22 p x 15-40 p, pyriform, obpyriform, elongate, cylindrical, 
8 X 25-10 x50 p, lobed and irregular. Operciilum apical, subapical or lateral, 
oval and splierieal, 4.4 p-7 p, remaining attached to the sporangium or lying 
nearby. Zoospores hyaline, spherical, 4 p-5.5 p with a small refringent 
globule, 0.7-2 p. Resting spores terminal or intercalary, spherical, 14-25 p, 
ovoid, ellipsoid, 10 x 15 p~14 x 22 p, truncate, spindle-shaped, and rarely 
irregular, with a fairly thick, yellowish-brown, smooth wall ; content 
granular with numerous refractive globules; germinating after a short rest 
period; forming one or two broad, tapering, thin-walled, operenlate exit 
tubes and producing zoospores directly within; or content of spores occa- 
sionall\" growing out and forming a thin-walled zoosporangium on the 
surface. 

Saprophytic in decaying vegetable debris in swamps and streams in 
New Kent County, Virginia. 

Fungus saprophytieus ; rhizomycelio maxime profuso, exteuso, copiose 
ramoso, liyalino, 6-15 p diametro ; incrementa definita, septata, fusiformia, 
ovalia rare habente aut deheiente ; rhizoidibus nuinerosis. Zoosporangiis 
terminalibiis aut interealaribus, hyalinis, levibus, raro a pophysatis, spliaer- 
icis, 10-45 p, ovoideis, ellipsoideis, 8 x 12 p-20 x 35 p, clavatis, obelavatis, 
10-22 px 15-40 p, pyriformibiis, obpyriforniibiis, elongatis, cylindricis, 
8 X 25 p-10 X 50 p, lobulatis et irregularibus. Opereulo apiee aut sub apice 
aut a latere formato, ovali et sphaerico, 4,4 p-7 p, aut sporango afflxo aut 
prope adiacente. Zoosporis hyalinis, sphaerieis, 4-5.5 p, parvo refringente 
globiilo (0.7-2 p) praeditis. Sporis perdurantibus terminalibiis aut inter- 
ealaribus, spiiaericis, 14-25 p, ovoideis, ellipsoideis, 10 x 15 p-14 x 22 p, 
tnincatis, fusiformibiis, et raro irregularibus cum potius crasso, sueineo 
eolorato, levi pariete ; eonteiitis granulatis cum permultis refractivis 
globulis; germinatione post brevem qnietem confeeta; inium (interdnm 
diio) latum aciiininatum, tenui pariete, opercnlatum tubulum exenntem 
gignentibiis, zoosporis intra evolventibiis, aut eonteiitis sporae interdum 
emergen tibiis lit sporangiiim temiis parietis in superficie fiat. 
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That ehytridiaceons fungi may occur abundantly during the winter 
months in Virginia is shown by the large number of additional species which 
were found in the water and vegetable debris from New Kent County. In 
addition to the two new species described above, the following known species 
were found: Bpliaerita sp. in Euglem sp., Elvizopliidhim carpopJiilum on 
Saprolegnia sp., B, glohosum oii‘ Cladophot'a glomerata^ Endockytriiim 
operculaium, Blikophlyciis Peterseni, Catenochytridiiim caroUniamim, 
Nephrocliytrimn aurantium, Cladochytrium repUcatiim, C. temie (?), C, 
hyalinum (Berdan, in press), Septochytriiim variaMe, and N oivakowshieUa 
elegcms. All these species are new for Virginia, as far as I am aware. 

SUMMARY 

Cylindrochytn^^ Johnsfonii is a new monocentric, eucarpic, rhizi- 
diaceous, saprophytic species of the family Rhizidiaceae and occurs in 
swamps and streams containing vegetable debris in New Kent County, 
Virginia. It is usually characterized by an elongate tubular, cylindrical or 
slightly clavate sporangium, an extensive rhizoidal system with numerous 
catenulate, spindle-shaped swellings, and spherical, posteriorly uninflag- 
ellate zoospores with a large refriiigent globule. Resting spores are unknown, 
Nowak oivskiella prof usiim is characterized by a coarse, profuse rhizo- 
myeelium, terminal or intercalary zoosporangia w^hich are quite variable 
in size and shape, and yellowish-brown terminal or intercalary resting spore. 

In addition to these new species, eleven other chytrids were isolated from 
water samples from New Kent County, Virginia. 

Botany Department, Columbia University 
New York, New York. 
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CYTOLOGICAL STUDIES IN LACTUCA 
Tpiomas W. Whitaker and Ross C. Thompson 
(with nine figures) 

This report presents a series of cytological observations of certain inter- 
specific hybrids in the genus Lactiica. Previous papers have been concerned 
with the cytology of the various species, and the genetic aspects of iiiterspe- 
cifie hybridization in this genus (Whitaker and dagger 1938, Thompson 
et al.j in press). As far as the available material would permit, the genetie 
and cytological variability of the species in the genus have been explored 
with the object of locating suitable material for hybridization with eiilti- 
vated lettuce (L. mtlva). Incidentally, observations have been made which 
we consider eoiitribiite to a better understanding of relationships between 
the several species studied, and we have obtained evidence which throws 
some light on the evolutionary processes at work within the genus. 

The present jiaper constitutes a joint report of certain work of the past 
several seasons at the U. S. Horticultural Station, Beltsville, Maryland, and 
the U. S. Horticultural Field Station, La Jolla, California. It is primarily 
concerned with the cytological aspects of the problems enumerated above. 

MATERIALS AND METHODS 

There were available for study interspecific hybrids of the following spe- 
cies: Lacf uca tatarica (L.) C. A. Mey. x L. indica L. ; L. Raddeana Maxim. 
X L. indica; L. sativa L. x L. virosa L. ; L, tatarica x L. florklana (L.) Gaertii. 
L, grammi folia Miehx. x L. indica; L. graminifolia x L, tatarica; L, gramini- 
folia x L. virosa; L. graminifolia x L. floridayia; L. canadensis h.xL.flori- 
dana (for sources of material see Thompson et ah, in press). Buds in which 
the pollen mother cells had initiated meiosis were fixed in an acetic acid- 
absolute alcohol mixture, and prepared as described elsewliere (see dagger 
and Whitaker 1937). The cytological observations have necessarily been 
limited to those crosses which have produced material suitable for meiotic 
studies. 

OBSERVATIONS 

L, Raddeana (9)^xi. indica (9). Plants obtained from this cross had 
9 pairs of ehroniosomes. There was good synapsis between the twu sets of 
chromosomes at diakinesis (fig. 1). In the course of the work several hun- 
dred cells have been observed, but none gave any evidence of irregularities 
at meiosis. Homology between the two genoms is substantiated by the fact 

1 The hgures in parentheses immediately following the specific names are the n 
chromosome mimhers of the species. 
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tliat tlie hybrid produced viable seed if harvested at the proper time. It 
should be pointed out that there were disturbances in the hybrid plants 
which were not reflected in gross cytological aberrations. For example, the 
seed produced by the Fi was viable only if harvested prematurely ; if allowed 
to mature the embryos became shriveled, shrunken, and would not germinate. 

L. iatarica (9) xL. indica (9). Hybrids of this mating had 18 somatic 
ehromosomes. Meiotic observations indicated that the two genoins are not 
completely homologous. Typical cells have 7 bivalents and 4 univaients (fig. 
2). There were no instances of multivalent association and 8 was the maxi- 
iiiiun iiuinber of bivalents observed. Chromatin bridges, and unpaired and 
fragmented chromosomes were observed. As might be expected from these 
cytological observations, the Fi wms entirely sterile. 

L. sativa (9) x L. virosa (9). The Fi plants resulting from this cross had 
18 somatic clu'omosomes. Synapsis between the ehromosomes of the genoms 
was not complete. Frequently the members of a pair, or less frequently, the 
members of two pairs of bivalents remained uncon j ligated (fig. 3). Chro- 
matin bridges -were of frequent ocenrrence at lA (fig. 4), interkinesis, and 
HA. Numerous fragments were observed; most of them appeared to be 
acentric and were lost in the eytoplasin. These disturbances at meiosis 'vvere 
sufficient to cause a high degree of sterility. Three per cent of the pollen 
were viable. However, not a single seed was obtained from the four plants 
grown to maturity. 

L. tatarica (9) x Z. floridana (17). This mating was successful and 
produced 7 plants, all of wliieli appeared to be interspecific hybrids. It repre- 
sents a successful case of fertilization in w^hich the female parent, Lactuca 
taiarica^ is diploid, and the pollen parent, L. floridam^ is an amphidiploid. 

The Fi plants from this cross had 26 somatic chromosomes. Cells satis- 
factory for the determination of pairing relationships were observed to have 
a variable nnniber of bivalents. There were never less than 9 and infre- 
quently as many as 11 bivalents (fig. 5), and occasional trivalents have 
been observed. In addition to the above features, there were such meiotic 
irregularities as unpaired chromosomes, chromatin bridges, and fragments. 

From the type and quantity of the irregularities found at meiosis, one 
could safely predict that the Fi plants would be sterile. Such was the case, 
although they were vigorous vegetatively, and produced an abundanee of 
flowers ; there were no viable aehenes. 

L, graminifolia (17) xZ. indica (9). The Fi plants from this mating 
had 26 chromosomes in root tip ceils. In our observations of meiosis we have 
eoiinted a maximiim of 7 bivalents per cell The remaining chromosomes 
are unpaired, and apparently distributed at random during the first di- 
vision, These cytological irregularities did not result in comxdete sterility in 
the Fi plants. A few' seed w^ere obtained late in the flowering season. 





Fig. 1. DiaMiiesis, Lactuea jS:addeanax L. mdica, sliowiiig 9 bivalents. Fig. 2. 
Biakiiiesis, L. tatanca x L. indica^ showing 7 bivalents, the 4 univalents are drawn in 
outline. Fig. 3. Biakinesis, L. saiivaxL. virosa; 8 bivalents, 2 univalents. FiG. 4. Late 
telophase, L. sativax L. virosa, showing chromatin bridge and acentric fragment. Fig. d. 
Biakinesis, L. tatarieaxL. fioridana; 1 trivalent (erosshatched) , 8 bivalents, and 7 
univalents. Fig. 6. First anaphase, L. graminifoliax L. virosa; 9 bivalents, 8 univalents. 
Fig. 7. Biakinesis, L. graininifoUax L. tatarica; 8 bivalents, 10 univalents. Fig. 8. 
Biakiiiesis, L, graminifoliaxL. fioridana; 17 bivalents. FiG* 9. Biakinesis, L. canadensis 
xB. grammifolia ; 17 bivalents. 
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Z. graminif olici (17) xX. virosa (9). Altiiougli this mating was at- 
tempted on niimerons occasions only one hybrid plant was obtained. The 
Pi plant had 26 chroniosoiiies (fig. 6). Pairing was of the Drosera type, 9 
bivalents plus 8 univalents. There ^vere many irregularities, for example 
chromatin bridges at lA, and IIA, fragments and even entire ehromosonies 
lost in the cytoplasm. Because of the great number of eytologieal irregulari- 
ties we anticipated considerable pollen sterility. Such was the case; only 
about 9 per cent of the mierospores indicated viability by the staining 
method and no viable seed developed. 

L. graminif olia (17) xX. tatarica (9). The Pi plants of this combina- 
tion had 26 chromosomes. Meiosis in the In^brid was very irregular. Lagging 
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chromosomes, unpaired chromosomes, and chromatin bridges were ob- 
served. In eells satisfactory for the observation of pairing relationships 
there were 8 bivalents and 10 unpaired chromosomes (fig, 7). No viable seed 
was obtained. 

L. graminifolia (17) xL, floridana (17). The Fi plants from this cross 
between t-wo aiiiphidiploid species had 17 pairs of chromosomes (fi^g. 8). 
x\t diakiiiesis all chromosomes were associated as bivalents. Multivalent asso- 
ciation appeared to be rare or entirely lacking. A few fragments and an 
occasional chromatin bridge have been observed. Pollen counts indicated 
between 90 and 95 per cent good pollen. These hybrids ‘were expected to 
be only slightly less fertile than the parents, and this was actually the ease. 

L. canadensk (17) xZ. floridana (17). Hybrids from this mating had 
17 pairs of chromosomes. The chromosomes were associated as bivalents in 
all the cells satisfactory for the determination of pairing relationships (fig. 
9). A careful search through our material has not revealed a single cyto- 
logieal irregularity. 

In table 1 the pertinent observations on the cytology of the Pi plants 
of various Laetuca species described in detail have been summarized. 

DISCUSSION 

On the basis of the genetic and cytological evidence the amphidiploid 
species of Laetuca with 17 ehroinosomes form a closely related group. In 
fact the evidence suggests the theory that these species are derivatives of 
a single amphidiploid, i.e., the chromosome complement of the group may 
be represented by the formula AABB^ -where A = the 8 chromosome genom 
and B- the 9 chromosome genom. Facts supporting this statement are as 
f ollow’s. 

1. Of the five crosses reported between species with seventeen chromo- 
somes, four have produced Fi plants that were partly or wholly fertile. It 
is true that there is considerable variation in fertility between the extreme 
case of Z. grammi-foUa x Z. canadensis^ in w-hich the Pi is as fertile as either 
parent and the situation in the hybrids of the mating between L, (mia- 
densis x Z. floridana in which only a few seed have been obtained. In only 
one cross was the Pi steidle (Z. splcaia xL, graminifolia) . However, the 
fact that the mating was successful is some indication of relationship. 

2. Ill the Fi plants that have been studied cytologieally there is very 
good synapsis betiveen the genoms of the parental species. Pairing in most 
crosses takes the form of bivalent association. We have observed very few 
multivalent configurations in interspecific crosses in. this group of species. 

3. In at least one cross (Z. canadensis x L. graminifolia) wdiieli has been 
studied intensively it has been possible to demonstrate that specific differ- 

2 Unpublished data in files of the writers. 
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enees are dependent upon relatively few gene differences (iinpiiblislied data 
on F 2 , F;:!, etc., of L, canadensis xL. graminifolia) . 

4. The 17-ehromosonie species of Lactuca are indigenous to eastern 
Nortli America, from Canada to Florida. The fact that they are confined 
to this limited geographical area would seem to be another indication of 
close affinity. 

It may be argued that the American species of Lactuca instead of being 
amphidiploids have descended from a single 9-chromosome tetraploid Lactuca 
species through the loss of one pair of chromosomes. Circumstantial evidence 
is against this supposition, because (a) in L, saUva, tetraploids produced 
by colchicine have been extremely sterile, probably as the result of rela- 
tively large amount of multivalent association (unpublished data); (b) on 
the contrary, the American species are very fertile (90-95 per cent good 
pollen), and any exception to bivalent association is rare. 

The possibility that the American amphidiploids are the result of a 
mating between two 9-paired species and subsequent amphidiploidy with 
the loss of one pair of chromosomes cannot be entirely dismissed. However, 
there is no precedent on record for this type of origin, and it is to be 
expected that the loss of one pair of chromosomes would create serious 
difficulties interfering with viability. 

If full consideration is given to their compatibility relationships and 
cytological behavior, it is probable that the 17-ehromosome amphidiploid 
species of Lactuca have originated from a single occurrence of amphidip- 
loidy. Speeiation on the basis of this assumption has taken place through 
the accumulation of a number of relatively simple gene mutations, with 
perhaps some structural rearrangement of the chromosomes, since an 
oecasional chromatin bridge has been found in certain crosses. 

Having disposed of the question of genetic affinity between the American 
ampliidiploid species oi Lactuca^ it now seems proper to review some of the 
evidence regarding their origin, that is, to consider which of the 8- or 9- 
ehromosome species are the most likely ancestors of the American ampHdip- 
loids. We have no observations that would indicate the 8-chromosome pai"- 
ental species; on the other hand there are some data which suggest the 
group from which the 9-ehromosome species may have come. 

On the basis of genetic evidence, and with certain exceptions, the species 
(^ Lactuca fail into three eonipatibility groups ( Thompson aL, in press). 
Grroup I consists of the 9-chromosome species which are more or less closely 
related to cultivated lettuce (i. satwa^ L, - Scariola, L. altaica, L. tdrosa-^ 
L, •saligna) .''Groiip, II. m made up of the following 9-ehromosome species: 

: L.^indicUyL. Baddeam^ md L: taiarica, Groiiig III is composed of the 17- 
ehromosome American species. Of the 14 successful crosses obtained between 
members of two of tliese groups (groups II and III), three have been ex- 
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aiiiiiied cytologically. In most crosses at least 8 chromosomes from each 
genoni seemed to be homologmis. Only one hybrid plant was obtained in 
hiiiidreds of attempts to liybridize species in group I with the IT-chroinosome 
American species (group III). In this hybrid pairing wus of the Drosera 
type, indicating homology between 9 chroniosomes of each genom. On the 
basis of pairing relationships the evidence is not sufficient to be decisive 
between group I and group II. It is clear from the genetic data tliat species 
hybrids are mueli more easily obtained in matings of the American ainphidip- 
loids with group II, and this may mean that the American amphidiploids 
find their closest affinity with members of this group. We have been informed 
that the morj)hological evidence also supports this conclusion, namely, that 
group III has many more characteristics in common with groui> II xhmi 
with group IJ^ 

summary 

Observations of the principal details of meiosis in nine Fi hybrids 
produced from a series of interspecific matings in Laetuca are reported. 
Three of these crosses \vere betW'Cen species with 9 pairs of chromosomes, 
four betw’een species having 9 and 17 pairs of chromosomes, and two between 
species with 17 chromosomes. Pairing behavior and irregularities are an- 
alyzed in these hybrids. It is evident from this analysis that the 9-chromo- 
some species consist of at least two distinct compatibility groups. The 17- 
chromosome group is very homogenous. It is suggested that the latter group 
of species has descended fhom a single ampihidiploid or may have resulted 
from a single oceiirrence of amphidiploidy, 
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“MULTINUCLEATE” PLANT CELLS 

Paul E. Burkholder and Ilda McVeigh 
(with one figure) 

During a study of the growth of some maize lines and hybrids, an ap- 
parent nmltinucleate condition was observed so frequently in cross sections 
of stems that we were led to investigate the real nature of the condition. 



5^10. 1. Above: Transverse sections through internodes of young maize plants show- 
ing apparently bi- and trinucleate condition in ground parenchyma. Below: Diagrams of 
longitudmaT sections through internodal parenehyma cells showing in A how cross sections 
cut 16 microns thick along dotted lines would give an apparently binueleate structure, and 
in .'B ■ a ■trinueleate artifact., ' 
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Some workers witli whom the phenomenon was discussed expressed the 
opinion that our inbred lines might be unique in possessing as a general rule 
iiiiiltiiiueleate cells. Others confirmed our observations in the light of their 
own experiences with maize, and recalled that just one score years ago Beer 
and Arber (1920) had described multinueleate cells in 177 species repre- 
senting 60 families of plants. Wipf and Cooper (1940) have since reported 
binueleate cells occasionally present in the cortical parenchyma of roots of 
eight species of leguminous plants. Even though a recent paper by Wareliam 
(1936) exposed the fallacy of a so-called ' hnultinucleate phase in stem 
development, it appears that many botanists are not yet certain about the 
condition in pareneliyma cells. 

Further studies were made on both transverse and longitudinal sections 
through internodal tissue just above the intercalary meristem of a number 
of selected lines of maize. Microchemical tests with iodine, crystal violet, 
ninhydrin, Feulgen reagent, etc., convinced us that the small bodies grouped 
in the cells were really nuclei, and not starch grains or other debris. In both 
transverse and longitudinal sections appropriate tests with 1-KI and sul- 
phuric acid, and with ruthenium red, permitted clear demonstration of cell 
walls separating the nuclei, one to each cell. No apparent multinueleate con- 
dition was ever noted in longitudinal section. The alleged bi- and trinucleate 
conditions portrayed in the accompanying photomicrographs (fig. 1) are ex- 
plained in the lower part of the figure by camera lucida drawings of cells in 
longisectional view. Many cells of the ground parenchyma adjacent to the 
meristem are compressed and distorted out of ordinary shape as a result of 
differential cell expansion in the interiiode. It is plainly seen how cross 
sections exit 16 microns thick (dotted lines) can produce mnltinncleate arti- 
facts. Though the multinueleate eonditioii is known to occur in special in- 
stances in the plant kingdom, it is not the true condition in stem parenchyma 
of maize. This brief note, therefore, substantiates the work of Wareliam, who 
reported that cells of pith and cortex appearing iniiltiniicleate in cross 
section are in reality nninucleate. 
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STUDIES OF PACIFIC ISLAND PLANTS— I 


A. C. Smith 

This paper is the first of a series in which it is proposed to discuss new 
and noteworthy plants from the Pacific area and to revise limited groups 
of plants as the occasion arises. The geographic area under consideration 
includes the Polynesian, Micronesian, and Melanesian groups, although the 
Solomon Islands, being floristically so intimately related to New Guinea, 
may as a rule be excluded from treatment in this series. A substantial vol- 
ume of herbarium material has recently been collected in the Pacific, and 
it seems probable that in the near future additional material will be avail- 
able for study. The writer has no wish to intrude upon the fields of various 
students who are occupied with special taxonomic groups or geographic 
areas in the Pacific, and intends to limit this series to discussions of more 
or less neglected groups. 

THE PACIFIC SPECIES OP MYRISTICA 

In his treatment of the Myristieaeeae, Warburg (Nova Acta Acad. Leop.- 
Carol. 68: 1-680. pi. 1-25. 1897) definitely recognized only three species of 
Myristica in the Pacific, but subsequent collections indicate the existence of 
eight species, of which one is first described in the present paper. These 
species occur from Samoa and Tonga westwuird and are well localized, only 
one (M. inutilis) being known from several major geographic gx'oups. They 
are distributed as follow’s : Samoa (2 species), Tonga (1 or possibly 2 spe- 
cies), Fiji (4 or possibly 5 species), NewvHebrides (2 species), Carolines (1 
species). In the neighboring Solomon Islands, 8 species are known (see A. C. 
Smith, Jour. Aiuiold Arb. 22 : 60-80. 1941), and in view of this it seems 
unlikely that only 2 species actually exist in the New Hebrides; it is to be 
anticipated that future collectors in this group will discover other species. 
The distribution of Myristica is an interesting illustration of the increasing 
paucity of species toward the east, as compared with the wealth of species 
in New^ Guinea, wdiere at least 34 are now^ knowui. The insular species show^ 
strong affinities wdth those of New Guinea, some of them being more closely 
allied to Papuan relatives than to each other. 

Since the Pacific species were originally described, for the greater part, 
from inadequate inaterial, it seems advisable to include in this treatment 
descriptions based on the available specimens, except for M. macrantha, 
since the publication of wdiieh no additiohal material has be available. 
I have been privileged to see the specimens deposited in the following her- 
baria: Arnold Arboretum (A), Gray Herbarium (GH), New^ York Botani- 
cal Garden (NY), U. S. National Herbarium (US), the place of deposit 
being indicated by the abbreviations in parentheses. I am indebted to the 

397 



398 


BULLETIN OP THE TORREY CLUB 


[VOL. (58 


directors and curators of tlie named institutions for the opportunity to 
examine spec iiiieiis. 

Several cliaraeters in the genus Myristica have a diagnostic value winch 
has been neglected. The leaf -blades of the Pacific species are often eeriferoiis 
beiieatip tlie wax being deposited either as a uniform thin layer or in minute 
crowded globules. The latter type is illustrated by M. niacrantha and iff. 
eastaneaefolia. The type of pubescence on the stamiiiate inflorescence is also 
a constant character and must be resorted to for the accurate separation 
of certain species. More obvious characters, such as leaf -proportions and 
size, venation, type of inflorescenee, shape of perianth, and proportions of 
fruit are also fairly dependable. Leaf-shape, however, is often not a reliable 
eharaeter and hardly seems to justify specific separation unless it is sup- 
ported by other evidence. 

Key to the Pacific vSpecies 

Staminate inflorescence coarselr vermiform, simple or forked near base, the 
rachises densely eieatricose to base, 4 mm. or more in dianieteiu 
perianth eylindric-ellipsoid or campanulate, about twice as long as 
broad; connective slightly exceeding the anthers; lower surface of 
leaf -blades farinose- or papillose-ceriferoiis; Fiji. 

Leaf-blades large, 35-60 cm. long, 12-23 cm. broad, rounded to cordate 
at base ; secondary nerves 24-35 per side ; raehis about 10 mm. in 
diameter ; perianth about 10 mm. long 1. M. macrantlia. 

Leaf -blades smaller, (10-) 15-32 cm. long, (4.5-) 6-14 cm. broad, obtuse 
to rounded at base; secondary nerves 17-27 per side; racliis 4-5 

inni. in diameter; perianth 5-7 mm. long 2. If. eastaneaefolia. 

Staminate inflorescence comparatively slender, the rachises rarely exceeding 
4 mm. in diameter, the primary (and often secondary) peduncle 
usnally obvious; lower surface of leaf -blades often eeriferoiis but 
smoothly so (rarely in no. 5 f arinose-cerif erous) . 

Leaf -blades persistently pale-tomentellous beneath; staminate perianth 
urceolate-eylindric, at least twice as long as broad; androeeinm- 
stalk nearly as long as anthers, the connective obviously produced ; 
fruit oblong-ellipsoid, mneh longer than broad; Samoa to Neiv 
Hebrides (and Solomons) 3. M. imitilis. 

I^eaf -blades glabrous, at least at maturity; staminate perianth 1-2 times 
as long as broad; androeeinin-stalk eonspieuously shorter than 
anthers, the connective not (or faintly) produced, 

Staminate intiorescence simple, the peduncle 1-1.5 mm. in diameter, 
swollen distally, the perianth campanulate, nearly twice as long 
as broad; leaf -blades comparatively small (6-15 cm. long, 2.5- 
6.5 cm. broad), inconsijicuoiisly eeriferous and eoneolorous, the 

secondary nerves inconspicuous ; Fiji 4. M. chartacea. 

Staminate inflorescence usually obviously forked, the peduncle 1.5-4 
mm. ill diameter, the rachises usually elongate, the periaiitli 
suhglobose or broadly campanulate, nearly as broad as long; 
leaf -blades larger (12-35 (-45) cm. long, (4-) 6-16 cm. 
broad), eonspiicuously eeriferous and usually glaucous beneath, 
the secondary nerves obvious, strongly promiiiulous heneafh. 

Leaf -blades about twice as long as broad, the secondary nerves 
eom|iaratively erowfled ; staminate inflorescence tomentellous 
(hairs several-celled, the loiver cells conspicuously trans- 
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versely fusiform) ; anthers 11— IS; fruit ellipsoid (37-50 

mm. long, 23-30 mm. broad) ; Carolines 5. M. msularis. 

Leaf -blades usually 3—4 times as long as broad, the secondary 
nerves comparatively spaced; anthers 7-11. 
fStamiiiate iiidorescence strigose (hairs simple or obscurely 
pluniulose near base) ; fruit broadly ellipsoid or sub- 
globose (28-40 mm. long, 24-30 mm. broad) ; Samoa and 

Tonga 6. M. Jiypargyraea. 

Stamiiiate inflorescence tomenteiloiis (hairs branched from or 
near base, tangled) ; fruit oblong-ellipsoid, eonsiiieuously 
longer than broad (37-50 mm. long, 23-28 mm. 

broadly) ; Fiji 7. M. GiJIespieana. 

Species of this relationship; leaf -blades chartaceous, obscurely 
eeriferous; inflorescence lacking; fruit essentially sub- 
globose (27-32 mm. in diameter) ; New Hebrides 

8. M. GiilUauminimuL 

1. Myristica macrantha a. C. Smitli, Bishop Mus. Bull. 141: 67. f. 33. 
1936. 

The original description was based on the material cdted below and 
therefore does not need amplification. 

Distribution: Fiji, known only from Vamia Levii at elevations up to 
700 111. 

Fiji — ^\^anua levu: Mbiia, lower Wainunu River valley, Smith 1719 
(GH, NY — TYPE, US) ; Thakauiidrove, southwestern slope of Mount 
Mbatini, Smith 613 (GH, NY, US). 

Common name: Male ivanggcL 

The species is closely related only to M. oasianeaefolia, being readily 
separable by the great size of all its parts. While this difference may not be 
very dependable as regards foliage, it is very striking in a comparison of 
the staniinate inflorescences and perianths. 

2. Myristica castaneaepolia A. Gray, Bot. U. S. BxpL Exped. 1: 32. 
1854; A. DC. in DC. Prodr. 14: 193. 1856; Seem. FL Vit. 205. 1867; 
Warb. Nova Acta Acad. Leop.-CaroL 68: 492 (as M. eastaneifolia) . pi. 18. 
1897. 

Tree to 18 in. high, the vegetative parts essentially^ glabrous throughout, 
the branehlets stout, subterete, soon cinei'eous and rugulose; petioles stout 
(1.5-5 mm. diam.), 12-35 mm. long, brownish or nigrescent, shallowly 
canaliculate ; leaf-blades chartaceous or thin-coriaceous, obloiig-elliptie, 
(10-) 15-32 cm. long, (4.5-) 6-14 cm. broad, obtuse or rounded at base, 
obtuse or obtusely cuspidate at apex, slightly reflexed at margins, dark 
brown above, glaucous beneath and farinose- or pap illose-eer if erous ( rarely 
smoothly eeriferous when ymung), the costa conspicuously raised above, 
prominent heneath, the secondary nerves 17-27 per side, spreading, straight, 
anastomosing near margins, impressed or faintly raised above, prominent 
beneath, the veinlets obscure, sometimes faintly^ impressed above and pro- 
minulous beneath ; staminate infloreseenee coarsely vermiform, up to 25 mm. 
long, usually forked near base, the peduncle stout (about 4 mm. in diameter), 
1-6 mm. long, the secondary peduncles none, the raehises stout (4-5 mm. 
in diameter) , very densely eieatrieose, pubescent distally^, the bracts ovate, 
minute, eaducous ; flowers aggregated toward ends of raehises, densely fer- 
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riigiiioiis-strigose or -sericeous (hairs about 0.7 lum. long, simple or obscurely 
pliinuilose near base), the pedicels very short, the bract eole deltoid-ovate, 
1--1.5 mill, long, subacute ; perianth thick-earnose, cjdindric-ellipsoid, 5-7 
null, long, 2. 5-3.5 inm. in diameter, the lobes 3, deltoid-oblong, subacute, 
about 1 nun. long; androecimn 4-5 nun. long, the stalk stout, 1-1.5 iiini. 
long, shortly eastaneous-strigose near base, the anthers 8-10, 2. 5-3. 5 miii. 
long, the comiective stout, obtuse and slightly (0. 2-0.5 min.) projecting at 
apex; fruit subsessile at ends of short infioreseences, ellipsoid or ovoid- 
ellipsoid, often inaequilateral and obscurely carinate, 28-38 mm. long, 18-24 
mm. broad, obtuse to truncate at base, rounded and minutely apiculate at 
apex, densely ferniginons-tomentellous, the pericarp 2-3 mm. thick, the aril 
copiously laciniate. 

Disfrihutioji: Fiji, apparently fairly abundant at elevations up to 900 in. 

Fiji : Horne 2d5 (GH) , 243 (GH) . vm levu : Tholo North, Nanclarivatn, 
Gillespie 4312 (NY, US) ; Namosi, Mount Naitarandpiu, Gillespie 3357 
(NY); Naitasiri, Tamavua woods, near Suva, Gillespie 2032 (NY), 2056 
(ITS).' OVALAU: TJ. S. ExpL Ex peel. (GH — type, NY, US), vanita levu: 
Mbua, Seatovo Range, Smith 1537 (GH, NY, US) ; lower Wainunn River 
valley, Smith 1745 (GH, NY, US).^ 

Common names: Hale, Male ndina. 

The specimens from Yaniia Levu have slightly smaller leaves than the 
others and do not show such a pronounced farinose-eeriferous lower surface 
of the leaf-blades, but there seems no doubt of their place here. I erroneously 
mentioned (Bishop Mus. Bull. 141: 66. 1936) one of these speeiinens as M. 
hypargyraea, a species not yet known from Fiji. 

3. Myristica inutilis Rich ex A. Grav, Bot. U. S. Bxpl. Exped. 1: 34, 
1854; A. DC. in DC. Prodr. 14 : 191. 1856*; Warb. Nova Acta Acad. Leop.- 
Carol. 68 : 481. pi, 18. 1897; Guillaiimin, Jour. Aruold Arb. 14 : 59. 1933; 
Christopliersen, Bishop Mus. Bull. 128 : 87, 1935; A. C. Smith, Jour. 
Arnold Arb. 22 : 74. 1941. 

Slender tree, up to 20 m. high, the young parts ferruginous-sericeous, 
the branehlets slender (1-2.5 mm. in diameter distally), subterete, pale 
brown, at length cinereous, rugose, lenticellate ; petioles slender (1-3 nun. 
in diameter), 10-28 mm. long, pale brown or nigrescent, sb allow] y canalieu- 
late; leaf -blades papyraceous or chartaceons, oblong- or obovate-elliptic, 
12-23 cm. long, 4-8.5 cm. broad, acute to rounded at base, gradually acumi- 
nate or cuspidate at apex, glabrous and dark olivaceous above, paler and 
persistently pale tomentellons beneath, the costa slightly raised above, 
proiiiiiieiit beneath, the secondary nerves 14-22 per side, erecto-patent, 
slightly arcuate, obscurely anastomosing, essentially plane or slightly im- 
pressed above, prominiilous beneath, the veinlets xisually obscure; staminate 
inflorescence axillary or arising from defoliate branehlets, up to 12 nun. 
long, usually forked near base, rarely simple, the peduncle 1.5-3 mm. in 
diameter, 1-4 mm. long, the secondary peduncles very short or essentially 
none, the rachises 2.5-3 mm. in diameteiq eieatricose nearly to base, pubes- 
cent distally, the bracts ovate, minute, caducous ; flowers crowded distally 
on rachises, pale ferriiginous-tomentellous (hairs usually 3-6-branched from 
base, 0.2-0.4 mm. long, rarely simple), the pedieels slender, up to 4 mm. 
long, the bracteole subniembranous, ovate-deltoid or oblong, obtuse, 1.5-4 
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mill, long, 1-2 mm. broad ; perianth nreeolate-eyliiidrie, 4-5 nun. long, 1.5- 
2.5 nini. in diameter, the lobes 3, deltoid, subacute, 1-1.5 iiiiii. long and 
broad; androeciniii 3. 5-4. 5 mm. long, the stalk slender, 1.5-2 mm. long, 
faintly stramiiieoiis-strigose near base, the anthers 8-11, 1.7-2.5 mm. long, 
the connective slender, obtuse, usually obviously exceeding the anthers; 
fruits solitary or paired, usually axillary, the peduncle 4-6 mm. long, 2.5-4 
mm. in diameter, swollen distally; fruit oblong-ellipsoid, 23-40 imii’ long, 
15-23 mm. broad, obtuse at base, obtuse and minutely apiculate at apex, 
persistently pale tomentellons, the pericarp about 1 mm. thick, the aril finely 
laciniate, the seed oblong-ellipsoid, up to 32 mm. long and 17 mm. broad. 

Distribution: Samoa (and perhaps Tonga) and the New Hebrides, at 
elevations up to 500 m. ; also known from the Solomons. 

New Hebrides — epate : Undine Bay, Kajewski 220 (A) . tanna : Lenakel, 
Kajewski 44 (A), aneityum: Anelgaiihat Bav, Kajewski 757 (A). Samoa: 
U. S. Bxpl. Exped. (GH— type, NY, m) WMimee (GH) ; Graefe 79 
(GH) ; Vaiipel 642 (US) ; Kuntze 21084 (NY), tau: near Faleasao, Garber 
609 (NY), tutuila: near Pango Pango, Kiintze 23015 (NY) ; Totts 1 (US) ; 
above Naval Station, 984 (US), 49^5 (NY), savaii: Salailua, 

Christopher sen 2612 (US); Tanga, Christopher sen 2338 (NY) ; near 
Samalaeulu, Ghristophersen 3473 (NY, US). Tonga (?) ; U. Sf. Expl. Exped. 
(US). 

Common name: Atone, Atoge (in Samoa). 

Although one of the Exploring Expedition specimens, as cited, bears the 
inscription ‘‘Tonga/’ and although the species is mentioned in the original 
publication as being from “Tutuila, Savaii, and Tongatabu/^ it may be 
advisable not to record this species definitely from Tonga until additional 
and more accurately labeled specimens are available. 

The species is a very distinct one and has no close relatives among Pacific 
species, being apparently of the alliance of the Papuan M. Buchneriana 
Warb. The New Hebrides specimens have the fruits proportionately slightly 
broaxler, but this small difference hardly seems to distinguish them specifi- 
eally from the Samoan specimens. The absence of M. imiUlis from Fiji is 
noteworthy and is possibly to be explained by the inadequacy of our mate- 
rial from that group. Ghristophersen cites several Samoan specimens not 
available to me, the species being fairly abiindant in that group. 

4. Myristica chartacea Gillespie, Bishop Mus. Bull. 83: 5. /. .2.1931; 
A. C. Smith, Bishop Mus. Bull. 141 : 66. 1986. 

Slender tree, up to 15 m. high, the young parts tomentellous, the branch- 
lets subterete, very slender (1-3 mm. in diameter), pale brown, at length 
cinereous and rugose; petioles slender (1-2 mm. in diameter), 10-26 mm. 
long, pale brown, shallowly canaliculate ; leaf-blades ehartaceous, oblong- 
elliptic, 6-15 cm. long, 2,5-6.5 cm. broad, rounded to acute at base, rounded 
to obtusely short-aeuminate at apex, slightly recurved at margins, olivaceous 
and coiicolorous, obscurely and smoothly ceriferous beneath, the costa con- 
spicuously raised above, prominent beneath, the secondary nerves 17-22 per 
side, ereeto-patent, straight, obsoletely anastomosing, essentially plane or 
faintly impressed above, plane or prominulous beneath, the veinlets obscure, 
often 'slightly impressed above; staminate inflorescence axillary or arising 



402 


BULLETIN OF THE TORREY CLUB 


[VOL. 68 


from defoliate branclilets, up to 10 mm. long, simple, the peduncle 1-1.5 mm. 
in diameter, 2-4 mm. long, swollen distally, faintly stramiiieoiis-strigose, the 
bracts broadly ovate, minute; flowers fasciculate at apex of peduiieie or 
crowded on a very short rachis, ferruginous-tomentellous (hairs branched, 
about 0.3 inm. long), the pedicels up to 1.5 mm. long, the bracteole subinein- 
branous, ovate, about 4 mm. long and broad, obtuse ; periantli thin-carnose, 
eampanulate, 4.5-5 mm. long, 2.5-3 mm. broad, the lobes 3, deltoid, about 
1.5 b}" 2.5 mm.; androecinm stout, earnose, 3.5-4 mm. long, the stalk gla- 
brous, about 1 mm. long, the anthers 6 or 7, 2.5-3 mm. long, free distally 
and often slightly exceeding the apically convex connective; pistillate in- 
florescences essentially similar to staminate ; perianth urceolate, to 4 mm. in 
diameter; ovary ovoid, about 2.5 mm. in diameter at anthesis, densely fer- 
ruginous-strigose, the stigma deeply cleft ; fruits usually solitary, often snb- 
sessile, the peduiiele up to 10 mm. iong and 4 mm. in diameter ; fruit ovoid- 
ellipsoid, 27-50 inin. long, 17-30 mm. in diameter, usually truncate at base, 
rounded and minutely apiculate at apex, persistently tonientellous, the 
pericarp rugose, thin (1-2 mm. thick), the aril laeiniate into broad lobes, the 
areoles large, the seed oblong-ellipsoid, up to 40 by 24 mni. 

Disirihuiion : Fiji, at elevations between 200 and 900 in. 

Fiji: Seenian 7 (GH). vm levu: Horne 966 (GH). vanua levu: Thak- 
anndrove, Yanawai Eiver region. Mount Kasi, Smith 1825 (GH, NY, US) ; 
southern slope of Korotini Eaiige, Smith 501 (GH, NY, US), moala: near 
Naroi, Smitk 1316 (GH, NY, US), 1319 (GH, NY, US). 

Common nanies: Male^ Wale. 

The type is Gillespie 4206 ^ from Nandarivatu, Tholo North, Viti Levu; 
additional specimens are cited by Gillespie from Namosi and Naitasiri pro- 
vinces, Viti Levu. The species is readily recognized by its small leaves with 
inconspicuous nerves and is perhaps most closely related to M. Gillespieana; 
it can be at once distinguished from M. castaneae folia by its lack of the 
powdery wax charaeteristie of the under surface of leaf-blades of that spe- 
cies, as well as by obvious floral and other foliage differences. 

5. Myristica insularis Kanehira, FI. Micrones. 115. f. 35. 1933 ; Bot. 
Mag. Tokyo 47: 671. 1933. 

Tree, up to 10 in. high, the young parts ferruginous-sericeous, soon 
glabrescent, the branehlets stout (3-5 min. in diameter distally), rugose, 
subterete, brown or cinereous; petioles stout (3-4 mm. in diameter), 10-40 
mm. long, brownish or nigrescent, conspicuously canaliculate ; leaf -blades 
thin-coriaceous, oblong- to obovate-elliptie, 13-30 cm. long, 5.5-15 cm. broad, 
rounded to obtuse at base, obtuse at apex, often conspicuously recurved at 
margins, dark olivaceous above, glaucous and smoothly (rarely inconspicu- 
ously farinose-) ceriferous beneath, sometimes sparsely tomentellous be- 
neath when young, soon glabrescent, the costa conspicuously elevated above, 
prominent beneath, the secondary nerves 16-25 per side, erecto-patent, 
anastomosing toward margins, usually impressed or occasionally prominu- 
lous above, prominent beneath, the veinlets usually impressed above and 
plane beneath, occasionally faintly prominulous on both sides; staminate 
inflorescence supra-axillary or arising from defoliate branehlets, 20-40 mm. 
long, forked, the peduncle 2-3 mm. in diameter, 10-20 mm. long, closely 
ferruginous-strigose, the secondary peduncles up to 3 mm, long, sometimes 
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essentially none, tlie raeliises, about 3 mm. in diameter, elongate, cicatricose, 
ferriiginoiis-strigose, the braets caducous; flowers crowded near apices of 
raeliises, ferruginous-tomentellous (hairs 0.3-0.6 mm. long, several-celled, the 
lower cells conspicuously transversely fusiform, the apical cell often elon- 
gate) , the pedicels 2-4 nini. long at anthesis, stout, the bracteole siihmembraii- 
ous, broadly ovate to deltoid, 2-3 mm. long, 4-5 mm. broad, obtuse ; perianth 
campanulate, 4-5 mm. long and broad, the lobes 3, deltoid, obtuse, about 1.5 
by 3 mm. ; aiidroecium stout, 3. 5-4.5 mm, long, the stalk 1-1,5 mm. long, 
sparsely and obscurely stramineous-strigose, the anthers 11-18, 2-3 mm. 
long, faintly exceeded by the obtuse connective; fruits apparently usually 
solitary, the peduncle 3-7 mm. long, stout (4—6 mm. in diameter) ; fruit 
oblong-ellipsoid, 37-50 mm. long, 23-30 mm. broad, rounded or obtuse at 
both ends and inaeqnilaterally apieiilate at apex, densely feiTuginous-tomen- 
tellous, the pericarp brittle, about 1 mm. thick, the aril laeiniate into thin 
lobes, the areoles often large, the seed oblong-ellipsoid, eonspieuoasly 
marked by the impressions of the aril. 

Distrihution: Caroline Islands, at elevations up to 300 m. 

Caroline Islands — todaiyama, near Korror : Kanehira 1865 (NY, type 
coll.), 2024 (NY, US), babeldaob: Gaidok, Kanehira <(* JSatusima 5009 
(NY). PONAPE: Kanehira 727 (A, NY), 76*^ (NY), 1512 (NY), 1545 (NY, 
US). 

Common nayne: Kar ala 

Some of the above-cited specimens have been mentioned by Kanehira 
(Bot. Mag. Tokyo 45: 280. 1931; FI Micrones. 113. f. S4. 1933) as M. hyjoar- 
gyraeaf but I believe them to be all conspeeifle and to represent an endemic 
species. M. insularis may be separated from its Samoan and Fijian relatives 
(M. hypargyraea and Jf, Gillespieana) by the slight differences in foliage 
mentioned in my key, and more accurately by the difterence in type of 
pubescence on the staminate inflorescence. This latter character, although it 
can be observed only with a magnifieation of 25 times or more, is very con- 
stant and is probably the best means of distinguishing M. insnlaris. 

6. Myristica hypargyraea a. Gray, Bot. U. S. BxpL Exped. 1 : 33. 1854; 
A. DC. in DC. Prodr. 14: 194. 1856; Warb. Nova Acta Acad. Leop.-CaroL 
68 : 479. ph 18. 1879 ; Christophersen, Bishop Miis. Bull. 128 : 86. 1935. 

Tree to 10 m. high or more, the young parts faintly puberulent, soon 
glabrescent, the bi*anchlets subterete, stout (2-5 mm. in diameter distally), 
pale brown to einereoiis, at length lenticellate and rugose; petioles rugose, 
1.5-5 mm. in diameter, 15-35 (>^3) mm, long, shallowly eanalieiilate ; leaf- 
blades tlnn-corlaceons, oblong or elliptic- or obovate-oblong, 12-35 (-45) 
cm. long, 4.5-14 cm. broad, rounded to subacute at base, cuspidate or obtuse 
at apex, slightly recurved at margins, olivaceous and shining above, some- 
what giaueous and smoothly eeriferous beneath, the costa sharply raised 
above, prominent beneath, the secondaiy nerves 15-25 per side, spreading, 
straight, ascending and anastomosing toward margins, slightly impressed or 
faintly elevated above, strongly prominulous or prominent beneath, the 
veinlets usually obscure, sometimes faintly prominulous or impressed on 
both surfaces; staminate inflorescences siipra-axillary or arising from de- 
foliate branehlets, 10-40 mm. long, forked or occasionally trifid (sometimes 
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simple, at least when young*) the peduncle 1.5-3 mm. in diameter, 7-20 mm. 
long, often persistently strigose, the secondary peduncles up to 5 mm. long, 
sometimes essentially none, the i*achises B-4 mm. in diameter, cicatricose, 
puberuleiit distally, tlie bracts caducous; flowers crowded distally on ra- 
chises, ferriiginous-strigose (hairs 0.o-0,7 mm. long, simple or obscurely 
pliiinulose near base), the pedicels to 7 mm. long, the bracteole carnose, snb- 
orbieular, 3-4 mm. long, 4-5 min. broad, rounded at apex ; perianth carnose, 
cainpanulate, at anthesis 5-6 mm. long and broad, the lobes 3, oblong-del- 
toid, 2.5-3 mm. long, 3-5 mm. broad, obtuse; androecinm 2-3.5 mm. long, 
the stalk stout, glabrous, 0. 5-1.3 nun. long, the anthers 7-10, 1. 5-2.3 mm. 
long, faintly exceeding the often apieally depressed connective; fruits usu- 
ally solitary, the peduncle (combined with pedicel) np to 17 mm. long and 
4-5 mm. in diameter, often persistently puberuleiit; fruit broadly ellipsoid 
or nearly subglobose, 28-40 mm. long, 24-30 mm. broad, rounded at both 
ends and usually apicuUite at apex, persistently strigose or conspieiiously 
tomentellons, the pericarp 1-2 inm. thick, the aril copiously laeiniate into 
narrow lobes, the seed 21-34 mm. long, 18-25 mm. broad. 

Distrihu tion : Samoa and Tonga, at elevations up to 700 in. 

Samoa: IL S. Exj)!. Exped. (GH — type, NY, ITS); WhiUnee (GH) ; 
Kwntze (NY) ; Horne 10 (GH) ; Vaupel 300 (NY), tutuila: above Naval 
Station, Christophersen 996 (NY), upolu: Apolan, Beinecke 133 (US); 
above Malololelei, Christophersen 150 (NY, US), 314 (NY), savaii: near 
Sainalaeuiu, Christ ophersen 34740 (NY). Tonga — tongatabu : Mua, SetcheU 
c£r Parks 15275 (GH, US), eua: Parks 16160 (GH, NY, US). 

Common names: Atone, Atone ’ulii (Samoa). 

Christophersen has cited several additional Samoan specimens. The 
original eolleetioii is mentioned as from '‘Tutuila and Savaii” and the 
species is said to be also from Tongatabu, but I have seen no Exploring 
Expedition material of the species from Tonga. 

7. Myribtica Gillespibana A. C. Smith, Bishop Mas. Bull. 141 : 67. /. 32, 
1936, 

Tree to 20 m. high, the young parts soon glabrous, the branehlets terete, 
2-4 mill, in diameter distally, brownish, at length cinereous, rugose, and len t i~ 
eellate ; petioles brownish or nigrescent, 2.5-4 mm, in diameter, 10-50 miii. 
long, shallowly canaliculate ; leaf -blades thiM-coriaceous, oblong or obovate- or 
ellip tie-oblong, 16-32 cm. long, 5-11 cm. broad, rounded or obtuse or faintly 
subeoixiate at base, obtuse or obtusely cuspidate at apex, slightly recurved at 
margins, olivaceous oi* dark green above, somewhat glaucous and smootldy 
eeriferous beneath, the costa slightly elevated to prominent above, prominent 
beneath, the secondary nerves 18-26 per side, erecto-pateiit, straight, incon- 
spicuously anastomosing, faintly impressed or essentially plane above, 
sharply raised beneath, the veinlets often obscure, faintly prominulous or 
slightly impressed above, immersed or faintly prominulous beneath; stanii- 
nate infioreseences supra-axillary or arising from defoliate branehlets, (6-) 
10-30 mm. long, forked or occasionally trifid, the pednnele 3-4 mm,, in diam- 
eter, up to 10 mm. long, glabrous, the secondary peduncles up to 8 mm. long, 
sometimes essentially none, the rachises 3-4 (-5) mm. in diameter, eieatri- 
eose, puberuleiit distally, the bracts broadly ovate, small, caducous; flowers 
crowded toward apices of rachises, densely ferruginous-tomentellous (hairs 
branched from or near base, tangled, not exceeding 0.5 mm. in length), the 
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pedicels up to 6 inin. long*, the braeteole ovate-deltoid, 3—5 iimi. long, 4-6 mm. 
broad; periantli caniose, subglobose or broadly eampaiiulate, 3.5-6 mm. long 
and broad, deeply cdeft, the lobes 3, deltoid, i.5— 4 rmii. long* and broad; an- 
droeeinm 2-4 min. long, tlie stalk stout, glabrous or obscurely straiiiineons- 
strigillose, 0.5-1.3 mm. long, the anthers 8-12, 1.5-2.7 mm. long, slightly'' ex- 
ceeding or essentially equalling the obtuse or apieally depressed comiective; 
pi>stillate inflorescence essentially similar, the ovary ovoid, at anthesis about 
3 mill, long and in diameter, densely ferniginoiis-strigose (hairs about 0.5 
mm. long), the stigma glabrous, inconspicuously cleft; fruits solitary or 
paired (peduncle up to 8 mm. long and 10 mm. in diameter, the pedicel also 
stout, up to 15 min. long), oblong-ellipsoid, 37—50 mm. long, 23-30 mm. 
broad, rounded to acute or gradually attenuate at base, rounded to siibaeiite 
and apiculate at apex, closely ferrugiiious-toineiitellous, the pericarp 1.5-3 
mm. thick, the aril finely laciniate, the seed 34-40 mm. long, 20-23 mm. 
broad. 

Distribution: Fiji, at elevations up to 500 m. 

Fiji — viti levu: Seemann 6 (GH). kandavu: above Namalata and 
Ngaloa Bays, Smith 124 (GH, NY, US), moturiki: Storck 866 (GH). vanua 
LEVU: Mbiia, upper Nclama River vallev, Smith 1597 (GH, NY, US), koro: 
SmUh 946 (GH, NY— type, US), 1048 (GH, NY, US), malatta, south of 
Yamia Mbalavii: Smith 1457 (GH, NY, US). 

Common name : Mah 

III first describing this species, I cited only the type and the Seemann 
specimen, inadvertently referring the others to 31. castaneaefolia subsequent 
study indicates that the two species are not cdosely related and that they can 
be readily distinguished even when sterile by examining the waxy lower sur- 
face of leaf-blades. 34. GiUespieanQ is less readily separated from the Samoan 
i¥. hypargifraea, doubtless its closest relative, but the characters of hiflores- 
ceiiee-tomentiim and fruit-shape mentioned in the key seem sufficiently con- 
stant to permit the tw^o species to be retained. 

8. Myristica Guillauminiana A. C. Smith, sp. nov. 

Arbor ad 25 m. alta praeter partes novellas puberulas et friictus glabra, 
ramiilis subteretibus rugosis erassis (apices versus 3-5 mm. diametro) demum 
coiispicue leiiticellatis ; petiolis rugosis 1.5-2.5 mm. diametro 15-30 mm. 
ioiigis eanaliciilatis ; laminis chartaceis eliiptico- vel obovato-oblongis, 16-24 
cm. iongis, 5—9.5 cm. latis, basi obtusis et in petiolum ineonspicue clecurrenti- 
bus, apice obtusis vel obtuse euspidatis, margine paullo uncMato-reeiirvatis, 
supra olivaeeis subnitentibus, plus miniisve eoncoloribus et subtus iiieon- 
spiciie et ieviter ceriferis, costa utrinque prominente, nervis seeundariis 
iitrinsecus 15-18 erecto-patentibus paullo eurvatis ineonspicue anastomo- 
santibiis supra Ieviter impressis vel prominiilis subtus valde elevatis, venulis 
inconspieuis supra paullo impressis subtus ineonspicue prominiilis ; fnietibiis 
supra-axillaribus vel e ramulis defoliatis, orientibus solitariis vel binis, pe- 
dunculis erassis (5-6 mm. diametro) brevibus vel subnuliis, pedieellis erassis 
ad 5 mm. longls primo puberulis mox fructibus subglobosis 27-32 

mm. (ad 45 mm. ex Kajewski) diametro manifeste circumcarinatis, utrinque 
rotundatis et apiee coiispicue apiculatis, periearpio tenui ad 1 mm. crasso 
extra pi] is brevibus pliimulosis implicatis densissime ferriigineo-tomentello, 
arillo in laeinias paucas latas fisso, areolis magnis, seniine siibgloboso. 
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Bi,strihuti()n: New Hebrides, known only from the type eolleetioii. 

New Hebrides — \wnua lava. Banks group: Kajewski 42:2 (A — type^ 
NY), eoiiiinoii in rain-forest near sea-level (large tree 25 in. high; fruit 
brown, tp) to 4.5 eiii. long and 4 cm, in diameter). 

It is a pleasure to name this species in honor of Prof. A. (xiiiilaumin, in 
recognition of his valuable contributions to oiir knowledge of the flora of the 
New Hebrides. The specimen was mentioned by Guillaiimin (Jour. Arnold 
Arb. 13: 83. 1932) as MgrN/ma aff. Hollrurigii "Warb., and indeed this may 
be its closest relative. Myrisfica Hollrungii^ howev-er, in addition to having 
leaf-blades which are on the average larger and sliglitly thicker in texture 
than those of the new species, has fruits which are more elongate in propor- 
tion and glabrous at maturity. Myristica GnillaiiniM is readily separated 
from If. GiUespicana by the proportions of its fruits and from Jf. hypar- 
gyraea by its thinner leaf-blades which lack the conspicuous glaucous coat 
of wax of the Samoan species. 

INSUFFICIENTLY KNOWN SPECIES 

Myristica grandifolia A. DC. in DC. Prodr. 14: 194. 1856; Seem. FI. 
Vit. 205. 1867. 

Myristica macrophylla A. Gray, Bot. U. S. Expl. Bxped. 1: 33. 1854; 
non Roxb. (1832); non Bentli. (1853). 

Myrisfica grandifolia is based on a single sterile specimen from Ovalan, 
Fiji (Id B. Expl. Exped., US, type), which is to be compared with M. 
eastaneaefolia and M. macraniha. Prom the first of these it differs by its 
tremendous leaves, wlrich are reported to attain a length of 2^ feet. Never- 
theless, it is entirely possible that leaves from a young slioot of M.. casiancae- 
folia are represented; Warburg (Nova Acta Acad. Leop. -Carol. 68: 494. 
1897) has discussed the specimen as a dubious synonym of this species. M.. 
grandifolia differs from M. macranfha by having its leaf -blades taperiug to 
an acute base, and I doubt if it can be referred to this sjiecies. Its true |)osi- 
tion can be establislied only by additional field work, which ma>' ])rove that 
a third species of this alliance is represented. 

Myristica Hornei Warb. Nova Acta Acad. Leop. -Carol. 68 : 107, nomen. 
1897. 

This name is merely listed with a cpiestion by Warburg and apparently 
is not again mentioned in his work. It is likely that he had in mind, as the 
basis of the name, Horne 966, which was later (p. 494) briefly characterized 
as a second species from Fiji (in addition to M. csstaneaef alia) , The Horne 
specimen is referable to M. chartacea, but since Warburg has not definitely 
tied his name to this specimen, we may ceiffainly eontinue to use Gillespie 
specific epithet and to treat M. Hornei as a nomen nudum. 

Arnold Arboretum, Harvard University, 

Jamaica Plain, Massachusetts 



FOREST REPLACEMENT RATES IN THE COLORADO 

HEADWATERS AREA^ 

Ronald L. Ives 

Field studies in the Colorado Headwaters area, largely in Grand Coiiiity, 
Colorado, near latitude 40°, between the elevations of 8,000 and 11,000 feet, 
augmented by studies of numerous photographic coileetions, including those 
of the U. S. Geological Survey and of the University of Colorado Museum, 
supply quantitative data concerning replacement of burned-off evergreen 
forest in this high-altitude environment. 

The normal evergreen forest in parts of this area was burned off during 
Indian troubles in 1862 and 1863 ; this created large areas of fire slash, in 
a few of which even the soil was destroyed down to bedrock. 

Photographs taken in 1872 by William H. Jackson, official photographer 
for the Hayden expedition,^ show many of the fire-damaged trees dead and 
barkless, grass growing in the charred soil, and brushy growths springing 
up in especially favored locations. 

Between 1872 and 1887--8, when the next series of clear photographs 
Avas taken, many of the fire-killed trees had fallen; aspen, the normal 
replacement growth, wms well established, and in a few places overtopped 
the dense brush that had grown up since 1872. 

Since 1898, the area has been photographed many times.^ Pictures taken 
during the decade of 1898--1908 shoAV a rapid crowding out of brushy 
growths by aspen, wliich reached its maximum height and density, in normal 
areas, by about 1915. Small evergreens are detectable in several photographs 
taken as early as 1900, and by 1920 evergreens just overtopped aspens in 
many locations. 

Many of these old fire scars, in photographs taken about 1920, show an 
aspen forest containing patches (up to 40 per cent) of evergreen. By 1935 
evergreen definitely predominated ( 60 + % ) , and b.y 1940 the forest in these 
old fire sears was almost entirely evergneen, with aspen present only wdiere 
evergreen growffh Avas inhibited, as by solifluction or rapid sedimentation. 

1 Field studies supported in part by grants from the Penrose Fund of the American 
Philosophical Society. 

2 Many of these photographs, in excellent condition, are in the files of the U. S, 
Geological Survey. Others are in the Ford Museum, at Dearborn, Michigan. An extensive 
eoliection of AVilliam H. Jackson prints is in the Denver (Colo.) Public Library. Ad- 
ditional data may be found in ^^Time Exposure,’’ by William H. Jackson (Putnam, 
New York, 1940). 

3 These photographs, in private collections at Grand Lake, are dated, hut not signed. 

4 These data are from the Brackett, Henderson, and Tangen photographs, most of 
which are now in the University of Colorado Museum. 
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Ciittiiig-s from seA'eral evergTeeiis in tliese old fire sears indiciate ages 
exceeding 40 rears. 

Altlioiigli areas in whiek tlie eA^ergreeii forest Avas destroyed in. tlxe 1860 os 
iioAv again eontaiii evergreen forest, they are still easily reeogiiizablej for 
‘d*eplaeeinent'’ eA^ergreen forest is composed of yoiniger trees than the 
^ residual forest.’’ In eonse<:[nenee, the old sears are A^isible as areas of 
definitely smaller trees. Trees in the residual forest have ages ni) to 350 years, 
as determined by ring counts. 

From these data, the folloAving replacement rates, in terms of years 
since forest destruction, are indicated for this area ; 

Maximum brush groAvth 25 years 

Maximum aspen groAvtli 40 years 

Aspen largely eliminated 65 years 

Complete elimination of scar 300 v years (estimated) 

Where water supply is abnormal, whetlier too great or too slight, 
exposure is great, or soil is unstable, rates will be slower. So far as can 
be determined from this eAndence, Avhicli is based on foliage area, rattier 
than on “tree counts/’ transitions from one state to anotlier are rather 
abrupt, each crowded-out community disappearing rather rapidly once it 
is overtopped by the next member of the replacement sequence. 

Further studies of this type, in areas Avhere old photographs are avail- 
able, such as those deforested during the Civil War, should produce addi- 
tional data eoneerning replacement rates. 

Photographs noAV being taken by the IT. S. Forest Service and other 
organizations should supply much similar data in the future, particularly 
AAdien the dates and locations are plainly marked on the negatives. 

Boulder, Colorado 



CACTI OF THE CANYON OF THE COLORADO RIVER AND 

TRIBUTARIES^ 

Elzada U. Clo^-ee and Lois Jotter 

(with eight figures and a MxiP)- 

Tlie Canyon of the Colorado has been known to geologists sinee the time 
of Ives and Powell, but, except for a restricted section included in the Grand 
Canyon National Park, little or no botanical work has been attempted before 
the present investigations. 

This paper is the result of field studies, the first made during the summer 
of 1938 on the Nevills Colorado Piver Expedition. The party traveled in 
small boats from Greenriver, Utah, to Boulder Dam, Nevada. The nianner 
of travel made it impossible to collect cacti in quantity, since the}" are bulky 
whether obtained living or dry. All species observed were collected, some 
several times, and detailed notes were taken throughout the canyon. 

Two stops for supplies were made during the 666 mile journey, at Lee’s 
Perry and at Grand Canyon. Here plants, which had been carried in closed 
hatches, were sent back to the University of Michigan Botanical Gardens. 

A second expedition was made by the senior author the following sum- 
mer. This included trips on horseback and on foot down the Kaibab Trail in 
Grand Canyon to the Colorado ; into the Rainbow Bridge area, southern 
LTtah ; and Havasupai Canyon, a tributary of the Colorado. The Park Service 
at Lake Mead made it possible to go to the head of the lake. Collections ■were 
made at selected locations from Separation Canyon to Boulder Dam. 

Again, it was not possible to repeat collections to any great extent, but 
accurate information on distribution was obtained. Chiefly phanerogamic 
flora was studied, and herbarium specimens were collected on both of these 
expeditions, A complete report, giving an account of the history, geology, 
and topography of the Colorado River region, and including a list of col- 
lected plants, will he . published in the near future. 

The expedition of 1938 was financed in part by a Raekhani Paeiilty Re- 
search Grant and in part by Edgar J. Marston of Colorado Springs, 
Colorado. 

The extreniei}"^ high, often sheer walls, and the seoiiring action of the 
. water iixerease the problems of migration of plants up the ifloor of the Caii- 
yoii. The seeds of cacti are not adapted for wind dispersal, so th^it distribu- 
tion must be accounted for in other ways. Some species, especially O'punfia 

1 Paper No. 729 from the Department of Botany and the Botanical Gardens, XTniver- 
sity of Michigan. 

2 Plate 1 is published at the expense of the authors. 
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acaihf]io(xiri:m^ and 0, Bigelovii, grow liigli on the walls and may be seen in 
ereviees or pockets in the rock to within 100 or 150 feet of the canyon floor, 
eloiiits readily break off and probably fall over the rim, and take root if 
given all opportunity. Eiiii-off water plays a part in bringing tlie Joints 
lower ill the canyon. None of the u/c is found on the lower talus 

or near the water. 

The Eckinocerei, especially E. Engdmanmi, are found freciuently on low 
ledges and talus, and some may be seen higher on the walls, showing as they 
always do a preference for limestone. It is noticeable that the caespitose forms 
have fewer stems than those up on the desert. The extreme heat on the rock 
walls and a lack of soil may cause sparsity of growth. Many plants have 
great difficulty in surviving these extreme conditions. This is evidenced 
by withered and dying cacti on dry ledges. It is interesting to note that the 
same species may also languish among boulders on deltas and sandy shores. 
Here is a ease w4iere drought vies with flood waters in exterminating plants 
struggling for existence in a trying situation. Flood waters bring j)lants down 
side canyons and farther into the gorge of the Colorado where they lodge 
between boulders and, often half-buried, take root. Opiiniia basilaris and, 
others belonging to this series are the only species found near the water k 
edge. In normal desert habitats they may be found both at high and low alti- 
tudes and in the shade of shrubs and trees, as well as among the rocks in the 
hottest possible places on the desert. The growth in canyons is much less 
luxuriant, consisting often of only two or three Joints. This may be accounted 
for to some extent by the fact that stems are torn apart by floods or by land- 
slides. These joints take root and barely become established before they are 
again uprooted. 

In eoiitrast, a permanent delta at Nankoweap Rapids (above Bright 
Angel Creek) supports an abundant and vigorous association of Opimtia 
polyaeanfliaf O. hysfrieina, O. phaeacantha^ and Eehinoeereus Engelmannii 
(fig. 1). These, with mesc|uite and Acacia^ form a typical desert scrub cover- 
ing. The many boulders strewn over this area afford protection to plants 
until they gain sufficient foothold to withstand the wmsh of flood waters, 
which in so wide a space cannot be deex> and swift. 

Certain sections in Havasupai Canyon are particularly favorable to the 
growth of certain cacti. Supai shale is very productive, and in places Opic/i- 
tiae flourish almost to the exclusion of other plants. 

The flora of the canyons studied is typical of the Sonoran zone, as defined 
by Merriam. An arm of the Upper Sonoran extends north from Leek Ferry 
along the Colorado River and for some distance up such tributaries as the 
San Juan River and Forbidding Canyon. At riplex canes ceMs mid. Salix 
exigua are typical Upper Sonoran species and cacti associated with them 
h\clxide: Opuntia poly acaniha m\d Echinooereiis octacanthus. 
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At Lee’s Perry the Colorado flows southwest into deeper canyons where 
the inner and warmer portions of the gorge support a Lower Sonoran flora. 
Prominent in the vegetation of this area are mesquite. Acacia, and creosote 
bush. Although the last species is recognized as typically Louver Sonoran, it 
is not common above Lava Palls. Creosote bush (Larrea) apparently requires 
a higher temperature than those species found in the northern reaches of 
this zone. Ferocactus acantJwdes (fig. 3) and Phellosperma tetraficistra are 
commonly found in the LoAver Sonoran, and the latter occurs nortinvard as 
far as Eainbow^ Bridge. 

"When a southern species is reported over two huiidred miles beyond the 
northern limits of its range, it is possible that a thoroiigli search on the 
desert ivoiild shoiv a more or less continuous distribution. 

Conditions seem to be unfavorable for the Corijphanthae altlioiigh mem- 
bers of this genus are abundant in other parts of the LoAver Sonoran. Most 
Avestern species require a relatwely high altitude, which may aceoinit for 
their complete absence here. 

EcMnocactiis polycephalus Engelm. & BigeloAV. Usually in clumps of 
from seA^eral to many rounded heads. Occasional on the Bright Angel shale 
in Spencer {4446) and Separation Canyons. Undoubtedly scattered on w’-alls 
of Lake Mead to some distance below Pierce Perry {4447) Avhere it is found 
infrequently. Commonly associated AAuth Ferocactus acanthodes but not 
extending so far north. (Pig. 2.) 

Distrihiiiion: Southern Nevada, California, possibly in extreme southern 
Utah, AA^estern Arizona, northern Sonora and reported from Lawyer Cali- 
fornia. 

EcMnocereiis acifer (Otto) Lemairef Caespitose, sometimes solitary, 
erect, stem bright green, spines brown. There is a possibility that this is a 
neAA^ species. It fits the description of E. acifer Yevy AA^ell (flowers have not 
been observed), but is entirely out of the reported range. Fairly common on 
limestone ledges aboA^e the river in Narrow Canyon near the mouth of the 
Dirty DeAdiKiA’'er (.2i84). 

Distriiution: Durango and Coahuila, Mexico; NarroAV Canyon, Canyon of 
the Colorado, San Juan Co., Utah. 

Echinocereus ocfacanthus (Miihlenpfordt) Britt. & Kose, Growing on 
limestone ledges. Mouth of the Dirty Devil Ewer {2184A ) ; Surprise Valley ; 
Rainbow Bridge ; Vasey ^s Paradise ; above Bright Angel in Grand Canyon ; 
Hermit Greek {2303) ; two miles above Bass Gable (.2JI7J.) ; and Elves’ 
Chasni. This represents a considerable extension of range. 

Distribution: Nortlnvestern Texas; and reported from NeAv Mexico and 

':Utah..,'t 

Echinocereus coccineus Engelm. This species is often confused Avith E, 
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Fia. 1, Well-established association including Opimtia polyaeantfia Eehmoeereus 
Engelma7inii, and Acacia Grcggii growing on the right of the Colorado at 'Nankowea]) 
Eapids. Fig. 2, Echmoeacim polycephalus ; occasional on steep tains in Lower Grand 
Can^'on. Fig. 3. Halntat of Ferocactii.<i acanthodes near Separation Canyon; conuuon 
tlironglioiit the Lower Sonoran within tlie Canyon of the Colorado and tJ*ibiitai-ies. Fig. 4. 
Eehmoeereus canyonensis; occasional at Bass Cable on a, limestone outcrop. 


octacaiithus althougli they are very distinct. Occasional from Narrow Can- 
yon (;2186) to Lake Mead. 

Bhirihuiloii: New Mexico and Arizona to Utah and Colorado. 

EcJiinocereus Engelmannii (Parry) Eiimpler. More abundant in the 
Canyon than any other species. It appears well able to adafit itself to difficult 
situations. Often found clinging to rock ledges hundreds of feet above the 
floor of the Canyon, probably started from seeds which fell over the rim. 
This species is also found on steep talus slopes, on limestone ledges above the 
river, and on boulder-strewn deltas of side canyons. Collections and plants 
noted at the following locations: Mormon Trail in Glen Canyon; in the can- 
yon of the San Juan River ; Rainbow^ Bridge ; Lee ’s Perry ; President Hard- 
ing Rapids; Havasupai Canyon {4334 ) ; Nahkoweap Rapids; 205 Mile Can- 
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yon; Spring Canyon; Diamond Creek; Separation Canyon; Spencer Can- 
yon; Quartermaster Canyon; Boulder Dam, (Map, plate 1.) 

Distribution: California, Nevada, Arizona, Utali, nortliern Mexico and 
Lower California. 

Echinocereus Fendlerl (Engelin.) Riimpler, This is a variable species 
with spines ranging from 4' inch to 3 inches in length. Only the loiig-spiiied 
form Avas found in the Colorado River region. It Avas first seen in Marble 
Canyon on an extensive talus at President Harding Rapids [ 2281) ; Saddle 
Canyon; Granite Rapids; Elves’ Chasm; HaA'asupai Canyon; usually asso- 
ciated Avith Ah Engelniannii^ neA^er abundant. 

Distrib utiort: Texas, Utah, Arizona, Sonora, and Chihualiua. 

Echinocereus mojavensis (Eiigelm. (S:BigeloAv) Britt. & Rose. Oecasioiial 
on talus and limestone or sandstone ledges. Hell Roaring Canyon {2112) ; 
Dark Canyon; President Harding Rapids; Vasey’s Paradise; Spencer 
Canyon ; Separation Canyon. 

Distrid)ution: '2iOu\\i^^^ California, NeAmda, Utah, Avestern Arizona. 

Ferocactns aeanthodes (Lemaire) Britt. & Rose. First seen 264 miles 
beloAv Lee’s Perry (2239) ; Yasey’s Paradise on talus {2271) ; Mile 39 beloAV 
Lee’s Perry; President Harding Rapids (xUYi) ; Saddle Canyon; Granite 
Rapids; Bass Cable; Elves’ Chasm; common at Conqiiistadore Aisle and in 
HaA^asupai Canyon ; A^ery common at La Am Falls (2371) ; Separation Rapids ; 
Spencer Canyon ; Emery Palls {4254). These plants are usual 1 a 

found on steep talus slopes, apparently coming into the canyon over the top, 
■judging from their occurrence high on the AAmlls. As the water rose in Lake 
Mead many of these large plants Avere submerged, and may be seen floating 
in the Avater; others are entirely covered except for an inch or tAVO of bris- 
tling spines. (Map, plate 1.) 

Distribution: Southeastern California, northern LoAA^er California, southern 
Nevada, soiithern Utah and northern Arizona. 

Opuntia Whipplei Engelm. & BigeloAV. Never abundant but oceurringv on 
upper talus and on ledges. Yasey’s Paradise on steep talus near gushing 
Spring; Upset Rapids; tAA"o large clumps found on talus near Waltheiibiii g 
Rapids; Diamond Creek on ledges; 192 Mile Rapids; Havasupai Can^mii 
(Gard. 17165'^). Found doAAui Hualapai Canyon to HaA^asupai and on to the 
Colorado, ' ^ ' 

Distribution: Northern New Mexico and Arizona, soiithAA'Cstern Colorado, 
and southern Utah. 

Opunlia tetracmiMa Tourney. Single specimen found groAAung in sand 
about two hundred yards up Diamond Creek {2402). It is difficult to explain 

2 Elere and in folloAving paragraphs this abbreAdatxon refers to the number assigned 
to a plant in the University of Miehigau Botanie-al Gardens. 
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its presence here, since the reported range is only in the vicinity of Tucson, 
Arizona. 

O'puntia iicantluMxirpa Bngelm. On high ledges and talus from Ilava- 
siipai Canyon to Boulder Dam. Boulder Dock (4180); 217 Mile Caii^mn; 
Diamond Creek (2396) ; Quartermaster Canyon (4277). 

Disirn)ntion: Southern Utah, Arizona, California. Reported from Sonora. 

Opuntia echmocarpa Eiigelm. & Bigelow. Fairly common on steep talus 
and rock ledges, Spencer Canyon (4450). 

Disirihuiion : Nevada, Utah, Arizona, California, and Lower California. 

Opuntia Bigelovii Engelm. Found from 205 Mile Canyon (below Lava 
Falls) to Spencer Canyon. This stretch is considerably south of any other 
part of the river. 205 Mile Canyon (2388) ; Diamond Creek; Quartermaster 
Canyon ; Spencer Canyon. 

Distril)utio)i: Central and southern Arizona and California, northern Low^er 
California and northern Sonora. 

Opuntia nwlesta Brandegee. Diamond Creek (Gard. 16850). This is an 
extension of the range, which may be accounted for by the fact that the genus 
Opuntia is not well understood and that the area is not well collected. 

Distrihution: Heretofore reported only from Lower California. 

Members of the series Basilares occur at intervals from Cataract Canyon 
just below the confluenee of the Green and the Colorado Rivers to Boulder 
Dam. Most of those in the upper Canyon are small and variable. Their exis- 
tence seems to be precarious since they are usually found half-buried in sand 
or lodged between boulders. Occasional plants may be found at the base 
of the steep talus a short distance above the river. 

Opuntia hasilaris Engelm. & Bigelow. Usually rare, and high up on 
ledges. Mile 26| in. Marble Canyon; abiuidant near Vasey^s Paradise; Mile 
39 below Lee’s Ferry; Diamond Creek; Spencer Canyon (4440); Separa- 
tion Rapids ; Boulder Dam. 

DisttaBution: Northern Sonora, western Arizona, southern California, 
Nevada, and Utah. 

Opuntia hasilaris Engelm. var. This plant differs from 0. hasilaris in 
having smaller, narrow joints branching from the base, and extremely small 
areoles. It answers the description of the horticultural variety anna, as given 
by Boi'g. Spencer Canyon (4248). 

Opunfki hrachydada Griffiths. Small and eaespitose, this species does not 
produce the broad clumps in the canyon which it does in southern Utah. 
Mile Rapids, Cataract Canyon (2111) ; and Forbidding Canyon (2404), 
Utah. ■ ■ ■ 
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Distrihuiion: Soiitliern Utah, and Mescal Canyon, San Gabriel Mts., Cali- 
fornia. 

Oiyu ntia a urea Baxter. Although this is considerably out of the range and 
habitat as described by Baxter, the plant appears to belong here. Indian 
Gardens, Grand Canyon, Arizona {4165). 

Disfrihutio'n: Both sides of the Arizona-Utah line near the Kaib^lb Indian 
Reservation and west to the lower slopes of the Sierras, near Bishop, Cali- 
fornia ; south to near Silver Lake, San Bernardino Co., California. Reported 
also from Cane Beds, Pipe Springs ; between Zion Park and Mt. Carinel ; and 
south on the road to Kanab, Utah. 

Opnniia Yaseyi (Coulter) Britt. & Rose. Several spreading plants grow- 
ing on a limestone outcrop two miles above Bass Cable {2318), This is 
another species with a peculiar distribution. Hitherto it has been reported 
only from San Bernardino, San Diego and Orange Counties, California. 

Opuniia pliaeacantha Engelm. Variable species found occasionally in 
Marble Canyon and Grand Canyon. Vasey’s Paradise on dry talus near 
gushing spring {Gard. 16871 ) ; Nankoweap Rapids {2273) ; President Hard- 
ing Rapids; and Indian Gardens on the Bright Angel Trail {4167). 
Distribution: West Texas to New Mexico, Arizona and northern Mexico. 

Opuntia Engelmannii Salm-Dyck. A large species with a more southern 
range than many of this genus ; found usually in undisturbed areas where 
typical desert vegetation is well established. Two miles above Bass Cable 
{2316 ) ; listed at President Harding Rapids ; Kwagunt Rapids ; below" Saddle 
Canyon; very abundant at Granite Rapids; Elves’ Chasm; Havasupai 
Canyon. 

Bistrihutioii: Texas, New Mexico, Arizona, Durango, Chihualiiia, and 
Sonora. 

Opuntia mojavensis Engelm. Rather common in Havasupai Canyon on 
top of the red ivall limestone below the Bright Angel Shale; eoinmon on the 
flat above Bridal Veil Falls {4438; Gard. 17169). Hitherto reported from 
southern California, southern Utah, and w^estern Arizona. 

Opuntia laevis Coulter. Below^ Granite Rapids (left bank) among 
hoiildevii {Gard. 16851). 

Southern Arizona, abundant in the mountains about Tucsoii. 

Opuntia cMorotica Engelm. & Bigelow". Occasional near Lee^s Perry 
{4335) ; Nankowmp Rapids; two miles above Bass Cable (2316) ; Ha%"a- 
supai Canyon (4441). 

Distrihutwn: Both sides of the Colorado from the San Francisco Mts. to the 
headwaters of the Williams River and to Mojave Creek, Arizona; southern 
Utah, New Mexico to Nevada, Califoiuiia, Low"er California, and Sonora. 

Opuntia erinaoea Engelm. An attractive species conspicuous for long, 
wdiite, often hair-like spines; found commonly from low-er Glen Canyon to 
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ripper Lake Mead. Forbidding’ CaiiYOii (2404) ; NaiikoM^eap Kapids on tlie 
dry areas array from the river; Har^asiipai Caiiyoii (4434) on Siipai 
formation above Bridal Veil Falls; listed at- Bass Cable and. Separation 
Eapids. 

Bhstrihution: Nortli western Arizona, soutliern TTtab, soiifliwesterii Colorado, 
soiitliern Nevada, and eastern California. 

Opiintia hystricina Engelni. & Bigelow. A doubtful speeinien was found 
at Hell Roaring Canyon, growing with 0. rhodaritha^ These two species 
somewhat resemble each other and the collected specimen may be an unusual 
form of 0. rliodantlia (2081) ; Forbidding Canyon on sand ‘Miills” and 
ledges (2401), A robust form was found at Lee’s Ferry on a rocky hillside 
near the Colorado. The joints were f inch thiek with reflexed flattened strong 
spines (4333), E. W. Nelson first reported a form collected here in 1909. 
Also seen at Saddle Canyon; Nankoweap Rapids; and Havasuiiai Canyon. 

Disfrihution : New Mexico, Arizona, and Nevada. 

Oinintia rhodaniha Schumann. This species is fairly common along the 
Green River and the upper Colorado. Hell Roaring Canyon (2078, 2079, 
2082, 2100) ; Lee’s Perry, on rocky hillside near the Colorado (4300), 

Distrihutiori: Northern Arizona, Utah, Colorado, western Nebraska. 

Opuntia polyaeantha Haworth. A widespread species of varying forms. 
Near Greenriver, Utah (1990, 2016, the latter a rechflow^ered form) ; Mile 84 
on the Green River ; abundant at Hell Roaring Canyon ; Cataract Canyon ; 
Forbidding Canyon ; Lee’s Ferry, Tanner Rapids ; in Grand Canyon at Presi- 
dent Harding, Nankoweap, and IvAvagunt Rapids; Hermit Creek; Granite 
Rapids. (Map, plate 1.) 

I)f.sdrd)niion : North Dakota to Nebraska, north w^est Oklahoma, west Texas, 
Arizona, Utah, Washington, ancl Alberta. 

Phellosperma tetrancistra (Engelm.) Britt. & Rose. This genus appears 
first at the inoiitli of Bkirbidding Canyon, near Rainbow^ Bridge ; Mile 26| in 
Marble Canyon (2240) ; Vasey’s Paradise; Saddle Canyon; Granite Rapids; 
Bass Cable; Elves’ Chasm; Havasiipai Canyon (4442) ; Diamond Creek; 
Separation Can.yon (4247) ; Spencer Canyon; Emery Palls (4287), 

Distrilndion: Western Arizona, southeastern California, southern Utah, 
southern Nevada and probably northern Lower California. 

Sclerocactiis Whipplei (Engelm. & Bigelow-) Britt. & Rose. On the Green 
River at Mile 84 ; Hell Roaring Canyon. 

; Southeastern Utah and western Colorado. 

Seleroeactus polyamisirm (Engelm.) Britt. & Rose. Below lyEile Rapid 
(2113) on hot canyon wall. The fruits of this specimen w^ere pink instead of 
magenta as described. "'V , 
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Echinocereus decumbens Clover, and Jotter, sp. iiov. Cyliiiclrieiis 
simplex, decumbens, rainis lateralibiis recte divergeiitibiis ; eostis 10 , promi- 
iieiitibiis, luteo-viridibns, snberenatis; areoleis 1-13 cm. inter se distantibus, 
rotiindis ; spinis lateralibiis radiatis 11-12, aeieiilaribiis, ineqiialibiis, siipe- 
rioribns qiiam inferioribns brevioribiis 5-10 mm. longis, porreetis aibis, apiee 
fiiscis; ceiitralibus 2-3, basi bnlbosis, siibcompressis ; 2 siimmis 1 - 1.5 cm. 
loiigis, aseendentibus ; 1 iiiferiore, 2-3 cm. longa, deciirvata. Types (Clover 
et Jotter 2212) viviis ex loco dicto ^‘Marble Canyon”; fium. Coloradeiisi, 
eonservatiis est in Horto Botanico Universitatis Miehiganensis. 

Decumbent, branching at right angles; ribs 10, yellowish-green, promi- 
nent, tubercles not prominent ; areoles 1-1.3 cm. apart, circular, filled with 
tawny wuol wiien young, naked in age. Eadial spines 11-12, unequal, shorter 
in upper part of areole, 5-10 mm. long, spreacling, white, tipped with red- 
brown, acicular ; centrals 2-3, somew^hat flexible, bulbous at the base, slightly 
flattened, red-brown when young, rose-color to whitish in age. Two upper 
centrals pointing up and outwurd, 1-1| cm. long, low’er central strongly 
deflexed, 2-3 cm. long ; type on limestone ledge 30 feet from the river’s edge 
and at the base of a rocky talus at Mile 16^, Marble Canyon, Coconino Co., 
Arizona (Clover and Jotter 2212). Living specimen at the Botanical Gardens 
of the University of Michigan, Ann Arbor, Michigan (Gard. 16870. Fig. 7). 

Echinocereus canyonensis Clover and Jotter, sp. nov. Caespitosus, 15- 
20 cm. altus, 4.5-5 cm. crassus, eostis 12-13, cyanei-viridibus, obtiisis; areolis 
rotundis, remotis, inter se 1.5 cm. distantibus, juventate fulvis, tomentosis, 
aetate nudis; spinis 10-12 lateralibus radiatis, aeicularibus, 5 mm.-2.5 cm. 
longis, rigidis ; ceiitralibus plerumque 4, basi bnlbosis, fuscis vel iiigris, angu- 
laribus vel compressis, luteis, saepe maeulis purpureo-briineis variegatis ; 
spinis vetustioribus cinereo-roseis vel purpureo-roseis, porreetis, inferioribns 
uneinatis, 2.5 vel plerumque 4.5 cm, longis, superioribus 1.5-2.5 cm. longis; 
floribus in summitate solitariis, parvis sanguineis, 5 cm. Ipngis, 4.3~4.5 cm. 
crassis ; bracteis rubris 2 mm. longis; areolis aibis, lanatis; spinis quam 1 cm. 
brevioribus, apiee roseis ; segmentis biseriatis, angustis, viridescentibus basi, 
5 mm. erassis, apiculatis; stylo viridescenti, stigmatis lobis viridibus 8, 
plerumque 6 mm. longis; filamentis viridibus vel sursiim rubri-purpureis; 
antheris rubri-purpureis ; fructibus ignotis. Typus (Clover . el Jotter '2317.) 
vivus ex loco dicto ''Hermit Creek,” flum. Coloradensi, Coconino Co., Ari- 
zona, conservatus est in Horto Botanico Universitatis Miehiganensis, Ann 
Arbor, Michigan.' , . ' 

Caespitose, 12-15 stems, 15-20 cm. tall, 5 cm. across, blue-green, ribs 12- 
13, obtuse; areoles remote, 1.5 cm. apart, circular, filled with tawny wnol 
when young, naked in age ; radial spines 10-12, aeicular, somewhat flattened, 
yellowish when young, darker at tips, becoming dirty white to pnrplish in age, 
pectinate to spreading, irregular in length, 5 mm.-2.5 cm. long (commonly 
1.5 cm.), rigid ; centrals mostly 4, dai'ker and stronger than the radials, biil- 
bose at the base, angled below and flattened toward the tip, young spines 
yellowish, mottled with dark brown above, light beneath, porrect, lower one 
somewhat deflexed, upper centrals 1.5-2.5 cm. long, low’er one 2.5-4.5 cm. 
long. Flow-er buds appearing at upper part of areole, flow’^ering February 22 
and remaining open five days ; flowers 5 cm. long, 4.3--4.5 cm. across, areoles 
on ovary about 1 cm. apart, bracts reddish, 2 mm. long, areoles wdiite wT)oly, 
spines short to 1 cm. long, w'hite, sometimes pink-tipped ; petal-like part of 
perianth in two wflorls, segments very narrowq greenish at the base, scarlet 
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Fig. 5. JHchinocereuii cariyone7isis. Fig. 6 . Opinitia longiareolata ; rare on steep talus, 
Urauite Rajiids. Pig. 7. Belimoeereus decuinhens ; single specimen, very different in 
habit from any other Ecdmiocereus in the Canyon. Fig. S. Scderocmd us parvi^^^^ 
abundant in loAver San Juan Canyon and in restricted areas in Glen Canyon. 

toward the tip, apiculate; style greenish, stigma lobes 8, bright green, 6 nnn. 
long ; stamens reaching to base of stigma lobes, filaments green below, red- 
dish-purple above, anthers reddish-purple. Type {Clover and Jotter 2317) 
collected in a sandy pocket on a steep limestone outcrop 100 yards from the 
river, Bass Cable below Hermit Creek Rapids, Grand Canyon, Coconino Co., 
Arizona. Locally abundant. Living specimen in the Botanical Gardens {Card. 
16846), University of Michigan, Ann Arbor, Michigan. (Pigs. 4, 5.) 

Gpuntia longiareolata Clover and Jotter, sp. nov. Hiimilis, artieulis 
spathulatis, glaueescentibns, pubescentibus, adseendentibus e basi proliferis ; 
foliis subiilatis minutis, depressis, viridi-rubellis, eurvatis ; areolis sabeon- 
fertis, depressis albo-tomentosis, setis numerosis brevibus, roseis vel stra- 
mineis, lana circumdatis, demum nudatis; floribus ignotis. Typus {Glover et 
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Jotter 2302) viviis ex loco Granite Rapids/’ fliiiii. Coloradeiisi, Coeoiiiiio 
Co., Arizona, dicto conservatus est in Horto Botanieo (Gard. 16852) Uni- 
A-^ersitatis Mieliiganensis, 

Plant beloiigiiio* to the Series Basilares; joints feiv, branching* from the 
base and also from top and sides of joints ; joints toinentose, elongated, 10- 
12 cm. long and 4.5 cm. across, spathnlate ; areoles 8-10 mni. apart, circular 
on very young joints, these filled with AA’hite wool entirely surrounding* the 
liinkish to straiv-colored gloehids Avhich are early-deciduous, areoles very 
soon becoming much elongated, 3 mm. long and 1 mm. ivide ; leaves 4 mm. 
long, green biirgimdA’' tip, cuiwed, aivl-shaped; old joints becoming pale 
yelloAV-greeii in contrast to the deep blue-green of young ones. Type (Clover 
and Jotter 2302) groiving at base of steep talus, near v-ater’s edge, Granite 
Rapids (GatxL 16852), Grand Canyon, Coconino Co., Arizona. (Pig. 6.) 

Sclerocactus parviflorus Cloi^er and Jotter, sp. nov. Simplex cylindriciis 
erectus, vel eurvatus, 1-4.5 dm. altus, 6-9 cm. crassiis; areolis orbieiilatis; 
costis 13, tuberculis prominentibus ; spinis 14-15 lateralibiis, radiatis, com- 
pressis, superioribus qiiam inferioribus breAdoribus, 3.4 cm. longis, apice 
adustis; spinis eentralibus 3 angulatis, siimma singula triquetra, alba apiee 
adusta, plerumqne curvata, flexnosa, 5-6 cm. loiiga, aseendenti ; inferioribus 
triquetris vel qiiadrangulatis, purpiireofuscis, 6-7.5 cm. longis, iiiicinatis, 
decurvatis ; lateralibiis 2 purpiireo-fuscis, 5.5-6 cm. longis, porrectis ; floribns 
in axillis summis solitariis, parAus, 2.5 cm. longis, 2 cm. crassis, exterioribiis 
in media parte atropiirpureis, marginibus et apice scariosis ; interioribus piir- 
piireis, seginentis crassis, 2-seriatis, apice acuminatis, erosis; stylo purpureo- 
rubro, stiginatis lobis 10, filamentis Adridibus, numerosis, delicatis, antheris 
luteiaurantiaeis, qiiain stylo brevioribus ; fruetibiis siccis. Typus {Clover et 
Jotter 2398) AdAuis ex “Forbidding Canyon,” fliim. Coloradeiisi, Coeoniiio 
Co., Arizona, dieto eonseiwatiis est in Horto Botanieo {Gard. 16845) UnAer- 
sitatisAIichiganensis, Ami Arbor, Michigan. 

Plants solitary, oblong, tapering slightly tOAvard the tip, 1-4.5 dm. high ; 
ribs 13, strongly tiiberciilate ; areoles 1.5 cm. apart, siib-cireiilar, plant en- 
tirely eoAwed by a dense mass of long, curved and twisting spines; radials 
14-15, AAdiite Aidth dark tips^ miieb flattened, heavier and longer, 3.4 cm. in 
the loAA^er part of the areole, central spines 4, the upper one AiAite to horn- 
colored, tipped AAdth red-brown, 3 angled, flexible, 5-6 cm. long, pointing 
npAAmrd, the lower central 3-4 angled/6-7.5 cm. long, pointing doAViiAAmrd, 
the tAvo lateral centrals 5.5-6 cm. long, slightly ascending ; all centrals except 
uppermost reddish and curved or hooked. PloAverecl April 17, remainiBg open 
for three days ; bud coiiie, broAAmish; flower 2.5 cm. long, 2 cm. across; outer 
perianth segments phlox-purple, in 2 whorls of 8 segments each; these broad 
Avith erose margins, acuminate, tube scareely present ; st^de purplish, stout, 
longer than the stamens, stigma lobes 10, flattened below, curving on tAA^arcl, 
1.5-2 mm. long, amaranth purple; stamens bright orange-yellow, filainents 
green, A’^eiy delicate ; fruit unknown. Type collected at the mouth of For- 
bidding Canyon in Glen Canyon aboAm Lee’s Ferry, Canyon of the Colorado. 
Abundant 20 miles above Moki Creek, and fairly common at iiiter\mls along 
the loAver San Juan River (plate 1), Lmng specimen {Clover and Jotter 
2396) at the Botanical Gardens {Gard. 16844), University of Michigan, Ami 
Arbor, Michigan. (Fig. 8.) 
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- A CYTOLOGICAL STUDY OF CARTERlA CRUCIFERA^ 

YiR(ftNiA Akins 
(with thirty-nine figures) 

Tile geiuis Carteria was named by Diesing (1866), whose type species %vas 
C, coi^diformis, previously described by Carter (1858) as Cryptoglena corcli- 
f or mis. The original description of the species used in this study, Car 
criicifera Korshikov, is apparently that given by Pascher (1927),, since no 
description by Korshikov has been found prior to that included in his 
Yolvocineae” (1938). It is probable that Pascher obtained the description 
from Korshikov by private coniraunication. 

Kofoid and his students have shown that centrosomes and a neuromotor 
apparatus occur in many animaLlike flagellates. Reports of similar struc- 
tures in the plant-like flagellates have been viewed with skepticism by phy- 
cologists because of the incomplete and contradictory evidence. C. criicifera 
was selected for study for twn reasons. First, it had been suggested that there 
might be a correlation between the double number of flagella in Carteria. and 
the number of chromosomes. Siliee the chromosome number had been re- 
ported for several species of Cklamydomonas, there -was a basis for an 
approximate comparison. Secondly, the position of the pyrenoid anterior 
to the nucleus reduces the danger of mistaking the narrow^ layer of cytoi)lasm 
between the contractile vacuoles for a rhizoplast. 

materials and methods 

The strain of Carteria erucifera used for this study was isolated in 1927 
by Dr. R. I. Evans from a sample collected in Durham, N. C., and has since 

1 The writer wishes to 'express her appreeiation to Dr. 0. D, Allen for his adyiee and 
encouragement during the course of this study, which was carried out under his direction 
in the Department of Botany of the TTniyersity of Wisconsin j to Dr. E. I. Evans, Depart- 
ment of Botany, University of Wisconsin, who supplied the culture used; to Dr. L. E. 
Noland, Department of Zoology, University of Wisconsin, for his helpful suggestions; 
to Dr; T. E. Hazen ajiid Dr. H. C. Bold, Department of Botany, Barnard College, Columhia 
University, who identified the species used; and to Dr. J. McA. Hater, Department of 
Biology, Eordham University, who kindly sent some of his preparations fol comparison. 
The work was carried out with the Sd of a University Scholarship and of a grant from 
^he Wisconsin Alumni Research Foundation. 
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been kept in culture on nutrient agar" at the University of Wisconsin. Stock 
euitiires grew most satisfactorily when kept at about 18° G. under constant 
iiliimiiiation. Eapidly growing motile cells were obtained by transferring 
portions of the agar cultures to low bulb pots filled with cpiartz sand wliieli 
were placed in pot-saucers eontainiiig a solution composed of about 300 cc. 
of distilled water to 15 cc. each of Iviiop’s solutions A and B. The cultures 
were almost entirely covered wdtli glass plates and kept in the greenliouse 
at 60-65° ¥. 

Nuclear division figures were most abundant in enltures wliicli had been 
growdiig on sand for 5-10 days. Counts made at 7 a.iii. and 7 p.m. for several 
periods of three w^eeks each show'ed no appreciably greater increase in the 
nurnber of cells during the night tban during daytime. Evidently under 
cultural conditions cell division is not limited to periods of darkness. 

Material to be fixed was centrifuged, mixed with fresh egg albumen, and 
tlieii smeared on slides and cover glasses which ^vere dropped face down into 
the fixative. Some of the eentrifiiged material was placed in vials, fixed, and 
imbedded in paraffin. To prevent loss of the material, the paraffin was al- 
lowed to harden in the narrow^ vials, and after it was cold the vials were 
broken. Sections were cut 2-3 p thick. ScliandiniGs aleoliohsiiblimate solu- 
tion, with or without acetic acid, used either hot or cold, was the most satis- 
factory fixative. Carnoy’s alcohol-acetic solution, Pleinming’s medium solu- 
tion and Randolph's and Belling ’s modifications of Navashin’s fixative also 
gave satisfactory results. 

Some of the preparations were stained with Heidenhaiii ’s iron-alum 
liaeniatoxylin and count erstained with 0.1 per cent Bordeaux red. This 
method brought out the nucleus, pyreiioid, and the striietiire of the cyto- 
plasm. Peiilgen^s niieleal reaction (Robertson 1927) count erstained witli 
fast green proved the most satisfactory method for demonstrating nuclear 
striietiire, since neither the niieleohis nor any cytoplasmic structures were 
stained. Eliiiich’s liaeniatoxylin was satisfactory for both nuclear and cyto- 
plasmic structures. Flemming’s triple stain was used to study the ehloro- 
plast in sectioned material, and F. H. Smith’s (1934) modification of the 
crystal violet-iodine stain was helpful in observing starch formation. Living 
cells were treated -with an aqueous solution of iodine (0.15 per cent) in 
potassium iodide (0.3 per cent) to identify starch. 

-To one liter of 1.4% plain agar the following salts were added; 


Potassium nitrate 1.0 gram 

Oaicium sulphate 0.5 

Magnesium sulphate 0.5 

Perrons phosphate 0.25 

Trihasic caMuin phosphate 0,25 


Eight -ounce serew-eap Lotties, ' each containing about, '60 cc. of the agar, were ' sterili; 5 ed 
and slanted. 
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OBSERVATIONS 

The living' motile cells of 0. crucifera are ellipsoidal and slightly asym- 
metrical, one side often appearing more convex than the other in optical 
section (fig. 1). The cells range from 15 to 22 g in length and from 7 to 14 pi 
in width. The size varies with cultural conditions and with different stages 
of growth. The wall (pellicle) is distinct and is thickened aiiteriorlT to 
form a relatively large papilla. In a surface view looking toward the an- 
terior end of the cell this protuberance presents somewhat the shape of a 
cross, and the four flagella project from the cell through fine canals, one in 
each of the depressions between the arms of the cross. The light green 
chloroplast appears to fill the cell except for a small concave region in the 
anterior end. Occasionally there is a small irregular clear region at the 
posterior end. In surface view longitudinal striations of the chloroplast are 
visible. A small ovoid red pigment-spot is located either in the outer layer 
of the chloroplavSt or between the wall and the chloroplast in the anterior half 
of the cell (fig, 1). 

The pyrenoid occupies the greater portion of the middle part of the cell 
and is surronnded by a small number of angular starch grains whicli form 
an interrupted shell about it. Two contractile vacuoles, which contract alter- 
nately, are located in the anterior end of the cell. The contraction is rapid, 
but the interval between contractions is long as compared with that in cili- 
ates. In a living cell the nucleus can be identified only as a small, splierieal, 
nearly colorless region in the posterior part of the cell. 

The thickness of the cell and the abundance of starch grains make it 
difficult to determine the shape of the chloroplast in living cells. In fixed and 
stained material it was not possible to distinguish between chloroplast and 
undifferentiated cytoplasm, and in the following discussion both will be 
included under the term ‘'cytoplasm.’’ The cytoplasm generally appears 
alveolar; in an occasional cell, however, it seems to be granular. In cross sec- 
tion a variable number of strands are visible extending from the peripheral 
cytoplasmic later to the pyrenoid, "which is located centrally (fig. 4) or more 
or less laterally (fig. 5). In a cross section anterior to the pyrenoid, strands 
extend from the periphery and meet in the center forming a meshwork (fig. 
6). It was not possible to determine whether the strands which extend from 
the peripheral portion of the cytoplasm to the pyrenoid belong to the ehloro- 
plast or to the undifferentiated cytoplasm. If to the latter, this would be one 
of the few species in which the pyrenoid is located outside the chloroplast, 
a condition reported by Kater (1929) for Chlam0omoms. It is probable, 
however, that 0. cnici/eru possesses what is commonly described as an “H- 
shaped” chloroplast (really H-shaped in longitudinal section), the pTrenoid 
being imbedded in the strands running from the periplieral portion. 

The longitudinal striations of the chloroplast are visible in whole mounts 
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stciilieci witli Heideiiiiaiii’s iroii-aliini liaeiiiatoxylin or with Blirlicli s liaeiiia- 
tc)x>'liri. 4Yiieii a lixiiig cell is seen from the anterior or posterior end there 
is some indication of ridges. In cross sections of fixed and stained material 
there is no such indication (figs. 4, 5, 6). Similar appearances in Chlamy- 
dornonas led Kater (1929) to suggest that the striated effect is produced as 
iiiueli by clifferences in opacity wdthin the chloroplast as by the presence of 
actual ridges. It is possible that the difficulty in distinguishing between 
chloroplast and undifterentiated cytoplasm explains the apparent absence 
of ridges in cross sections of fixed material. 

Ill a living cell the spherical pyrenoid is surrounded by a small number 
of concaYo-eonvex bodies which give a starch reaction with iodine. After 
fixation with Sehaudiiiids fluid the pyrenoid show^s a marked affinity for 
the Heicleiiliaiii stain, which colors it homogeneously black (figs. 8, 9). If 
preparations are stained with Bordeaux red before they are placed in haenia- 
toxylin, the pyrenoid becomes bright red. With Ehrlich ^s haematoxylin the 
pyrenoid is a light reddish purple. In either haematoxylin stain the pyrenoid 
is surrounded by a clear zone of varying thickness. This zone is probably 
occupied partially by the unstained shell of starch grains already mentioned. 
There is no indication of a reticulate structure of the pyrenoid or of radial 
strands traversing the hyaline zone about the pyrenoid, both of which w^ere 
reported by Kater (1929) in Chlamydomonas, After Plemmingh triple stain 
the bright red pyrenoid is surrounded by a layer of blue starch grains. The 
pyrenoid is stained light blue by crystal violet-iodine, while the surround- 
iiig starch grains are. pur pie. BetW'een the pyrenoid and the starch grains 
is a narrow hyaline zone (fig. 2). Several regions of the outer portion of the 
pyrenoid are usually stained dark blue (fig. 2). When these dark-staining 

Explanation of figures 1-29 

All drawings were made with a camera hieida; x 2550. Unless otherwise stated, all 
figures are from material fixed in Sehaudinn fluid. 

Fig. 1. Carteria crucifem drawn from life. Figs. 2, 3. Cells fixed in RandolplUs 
modification of Nava shin ’s fixative and stained with crystal violet-iodine, showing the 
pyrenoid with its outer transitional portion and the starch grains. Figs. 4-10. Cells 
stained with Heidenliain iron-alum haematoxjdiii. Fig. 4. Cross section showing cen- 
trally located pyrenoid. Fig. 5. Cross section with laterally located pyrenoid. Fig. 6. 
Gross section above level of pyrenoid. Fig. 7. Longitudinal section showing tAvo hlepharo- 
plasts, eontractile vacuoles and layer of cytoplasm between vacuoles. Fig. 8. Vegetative 
cell with tAvo blepbaroplasts, layer of cytoplasm betAveen vacuoles, pyrenoid and nucleus. 
Fig. 9. Vegetative cell shoAving three blepbaroplasts, layer of cytoplasm between con- 
tractile vaeucdes, nucleus and pyrenoid. Fig. 10. Vegetative cell A^th two blepliaroplasts, 
three pyrenoids and nueleiis. Figs. 11-14. Nuclei stained Avitli Heideiihain ’s iron- 
aiiim liaeniatoxyliii. Figs. 15-18. Nuclei stained Avitb Ehrlich ^s haematoxylin sboAAdng num- 
ber and arrangement of chromatic bodies. Figs. 19-28. Nuclei stained Avith Feulgen’s 
nucleai reaction. Figs. 19-27. Nuclei shoAving number and arrangement of chromatic 
bodies. Fig. 28. Nucleus in position to divide between daughter pyrenoids. Fig. 29. 
Cell stained with Heideiihain -’s iron-alum haematoxylin. Stage in revolution of protoplast, 
pyrenoid constricting. 
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reg‘ioii8 are seen iii surface view, the pyrenoid occasionally appears seg- 
mented or eoinpoiind (fig. 3) ; however, the lighter blue central region is 
still visible. When a living cell is treated with iodine the outermost portion 
of tlie pyrenoid gives a starch-like reaction. Timberlake (1901) found that 
ill Hiidrodictijon tangential segments are cut off successively from the pyre- 
iioid and that these segments are transformed into starch. Gr. M. Smith 
(1914) observed that one or more portions of the pyrenoid of Scenedesmus 
show a transitional staining reaction, which indicates that the pyrenoid may 
form several segments simultaneously and more than one starch grain at a 
time. It is possible that the dark-staining regions observed in the pyrenoids 
of Carteria stained with crystal violet-iodine or (in living cells) with iodine 
represent stages in the transformation of the p^nenoid substance into starch 
as reported by Timberlake for Hydrodictyon, Smith for Scenedesmus^ and 
Bold (1931) for Clilorococcum. 

Living cells wdiicii have undergone a period of growdh since the last pre- 
ceding division contain numerous shining oval bodies (fig. 1). Although 
these bodies resemble the starch grains about the pyrenoid in their refrac- 
tive behavior, they do not give a starch reaction when living cells are treated 
wi'tli iodine. In preparations stained with crystal violet-iodine the cytoplasm 
contains many small, somewhat angular purple starch grains (fig. 2). These 
gTaiiis, the so-called '^stroma starch,” resemble the starch grains immedi- 
ately about the pyrenoid in their reaction to crystal violet-iodine and in 
their angular shape. There seems to be little doubt that the oval bodies seen 
in the living cell, which, except for their failure to stain wnth iodine, resem- 
ble starch, are the bodies that are stained with crystal violet-iodine. It is 
possible that the “^stroma starch” grains have changed chemically after their 
formation and hence do not give the typical starch reaction when living cells 
are treated with iodine. Frequently t^vo lay el's of starch grains, instead of 
one, sniToiind the pyrenoid (fig. 2), and the ^^stroma starch” tends to be 
c one entric ally arranged throughout the cell wnth respect to the pyrenoid. 
Ihese facts may indicate that in Carterui., as in Hydt'odictyon, all the starch 
grains wutliiii the cell have been formed from the pyrenoid, each layer in 
turn being forced away from the pyrenoid by the formation and separation 
of successive new layers. 

Small rounded mitochondria appear in sections stained wnth Heiden- 
liain's haeinatoxyiiii. They are imbedded in the cytoplasm, and often each 
appears to be surrounded by a very narrow clear region (figs. 4, 5, 6). 
Numerous cytoplasmic inelusioiis are visible in preparations of whole ceils, 
but because of the thickness of the cell and the variety of intracellular bodies 
present identification of, them has proved, impossible.^ • 

The pigment spot vis, invisible in fixed, material 'stained wnth either haema- 
tox>lin. Wiieii living cells are treated with/ iodine , the pi,gment spot gives a 
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starch-like reaction. It is possible that the pigment spot is stained with crys- 
tal violet-iodine, but if so it cannot be clistingnished from the stroma starch 
grains. Franze (1893) eoneliidecl that the pigment spot in the Clilorophyeeae 
is composed of a number of highly refractive bodies of the nature of starch. 
Mast (1927) found that in unicellular members of the Yolvocales the pig- 
ment spot consists of a spoon-shaped structure and a hyaline mass, the latter 
containing the photosensitive substance. Until the chemical nature of the 
substances composing the pigment spot is better known, no explanation can 
be offered for the starch-like reaction observed. 

In fixed material stained with Heidenhain ’s or Ehrlich’s haematoxylin, 
two blepharoplasts are visible, located just within the wall beneath the ante- 
rior papilla (figs. 8, 10). Occasionally a third one can be observed (fig. 9). 
Barely, what appears to be a fourth blepharoplast is visible, but because of 
their arrangement in a single transverse plane, all four cannot often be seen 
at once. No cross sections were obtained which were certainly at the 
blepharoplast level. 

When living cells are treated with iodine the contractile vacuoles in- 
crease in size, and the narrow layer of cytoplasm between them appears as 
a strand somewhat similar to the rhizoplast which has been figured for such 
forms as Polytoma uvella (Daiigeard 1900, 1901; Entz 1913, 1918), Chlamy- 
domonas nasuta (Kater 1929), Haemiatococcus pluvialis (Elliott 1934), and 
others. A similar layer of cytoplasm appears in cells fixed in ioto and in 
longitudinal sections stained with either Heidenhain’s or Ehrlich’s haema- 
toxylin (figs. 7, 8, 9, 10). In no ease is it possible to trace this layer beyond 
the inner margins of the vacuoles. It seems clear that in Carteria crucifera 
a rhizoplast does not connect the nucleus with the blepharoplasts, and that 
the apparent strand in question is the layer of cytoplasm between the con- 
traetile vacuoles. 

The nucleus is usually flattened and broader on its anterior side, which 
lies in contact with the pyrenoid. Posteriorly it is rounded and occasionally 
slightly elongate (figs. 9, 19, 21). In preparations subjected to Feulgen’s 
niicleal reaction neither the nuclear membrane nor the nucleolus stains. The 
position of the nucleolus is indicated in such preparations by a colorless 
spherical or slightly elongated region in the center of the nuelens (figs. 
19-28). The chromatin granules, stained purple or dark blue, form a sparse 
reticulum; occasionally the granules are concentrated or massed together 
and have the appearance of a large node (fig, 19). They are more numerous 
just within the nuclear membrane and about the nucleolus. The most con- 
spicuous feature of the nucleus is the presence of one or more bodies, stain- 
ing like chromatin, which are .much larger than the granules obviously of 
chromatin. When a single body of this type is present, it may lie just within 
the nuclear membrane (fig. 20), beside the nucleolus (fig. 19), or at any 
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point between imelear membrane and nucleolus (fig. 21). If two bodies are 
present tlieA' may be so close together as to suggest a recent division of a 
single body (fig. 22) ; one may be just witiiiii the nuclear membrane and the 
other near the nucleolus (fig. 23) ; or they may be variously located (fig\ 
24). Frequently from one to three additional smaller bodies appear, likewise 
variously located (figs. 25, 26, 27). These smaller bodies stain in the same 
ivay as the eliromatin granules and the twn larger bodies described above, 
but they can be observed most readily in lightly stained preparations and 
ill a cell wliieli is not the product of a recent division. 

Ill preparations stained wdth Heidenhain’s or Bhrlieh’s haeinatox 3 din 
the nucleolus and nuclear membrane are visible. The chromatin granules 
foiTii a sparse network between the nucleolus and the nuclear membrane 
and are more numerous just wutbiii the membrane and immediatel.v about 
the iiiieieoliis. Here, also, from one to five bodies varioiisl.v located can be 
observed (figs. 8~18). There seems little doubt that the bodies which stain 
darkly with the Feulgeii technique and with either haematox^diii stain are 
the same, since they are identical in number, size, and xiosition. In haeina- 
toxylin preparations the nucleolus obscures from view anvthing above or 
below it, and the numerous c.vtoplasinic inclusions often make it difficult to 
determine whether a particular bod.v is in the nucleus or in the cytoxilasm. 
Since neither the iiueleolus nor ai\v cytoplasmic structure is stained by the 
Feiilgeii method, it is not surprising that four or five bodies should be 
observed more frequentl.v with this method than with the haeinatox.yliii 
stains. 

The cell undergoes a period of growth before dividing, sometimes becom- 
ing so large and thick that it is difficult to determine the position of the 
nucleus and the pj’renoid. The cell either withdraws or loses its flagella. The 
protoplast revolves through an angle of 90° so that the anterior clear zone 
eomes to lie in contact with the former equatorial region of the cell wall. In 
living cells the occiirrenee of this revolution can oecasionalh' be recognized 
from the changed position of the clear region and the contractile vacuoles. 
In fixed preparations, stages in the revolution of the protoplast can some- 
times be identified by the position of the blepharoplasts, b}" the enlarged 
eoiitraetile vacuoles, and by the layer of cytoplasm between the vacuoles 
(fig. 29). The pyrenoid divides by constriction either before the revolution 

Explanation of figures 30-39 

Pigs. 30-32. Cells stained with Heidenhain ^s iron-alnm liaeiiiatoxylm. Pig. 30. 
NBeleiis .iii position tO' divide, pyrenoid constricting. Pig. 31. Knclens , in position ' to 
divide between daughter p>jTenoids. Fig, -SS. Lateral view of equatorial plate. Pigs. 
33-38. Cells stained by Penlgeii'^.8 nucleal reaction. Pig. ' 33.. Lateral view of .metaphase. 
Pigs. 34, 35. Pola,r', views , of equatorial plates. Pig, HO.; Cell just after /division, " showing 
tightly, appressed daughter ' protoplasts.. Pig. 3'7. Twq-eelled .colony.' ' Pig. '38... S'e'.eond 
division of colony just completed. ’ Pig. 39. Palmella-like' .colony drawn from life. 
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of file protoplast or after tlie revolution is completed (figs. 29, 30). In con- 
sequence, a daiigliter pyrenoid is located toward each end of the cell and 
the iiueieiis lies between the daughter pyreiioids (figs. 28, 31). The increased 
size of the cell and the position of the nucleus between the daughter pyre- 
iioids are the most satisfactory criteria for recognizing a cell which is about 
to divide. 

A few ceils were observed which contained two or even three pyreiioids 
(fig. 10) but wdiieh had not become enlarged and showed no indication of 
a revolution of the protoplast. One cell contained one pyrenoid and two 
iiiieiei, both located in the posterior part of the cell. Another cell possessed 
three pyreiioids in its central region and two nuclei in the posterior part. 
Neither cell had enlarged nor had its protoplast revolved. Although two 
P3'renoids are typically found onh" in cells which are about to divide, it 
appears that the pyrenoid can divide at any time to form two or three bodies. 
Also the iiueleiis may divide without a preceding revolution of the iirotoplast 
or division of the pyrenoid, and nuclear division is not always followed by 
cell division. 

A nucleus which is preparing to divide is enlarged and usually elongate 
(figs. 28, 30). Such a iiiieleus resembles in structure a resting nucleus, and 
the darkly staining bodies previously described are still visible (figs. 28, 
29), As the iiueleiis enters the prophases the chromatin granules appear 
more numerous and massed together, and it soon becomes impossible to dis- 
tinguish the larger bodies observed in the resting nucleus. The nucleolus 
disappears and definitely organized chromosomes gradually appear. 

Nine ehromosomes are visible in a late propliase or in polar views of the 
equatorial plate. Three of these are about three times as long as wide and 
often curved, three about twice as long as wide, and three only slightly 
longer than wide (figs. 34, 35). In a lateral view of an equatorial plate the 
cdiTomosomes appear short and somewhat bean-shaped (fig. 32). 

The sharply pointed spindle lies either longitudinally or obliquely 
oriented between the daughter pyreiioids in the middle of the cell (fig. 32). 
The smallness of the division figures prevents the determination in lateral 
view of whether there are fibers extending from pole to pole in addition to 
those running from poles to chromosomes. There is no indication of a bod,y 
of any nature at either pole of the spindle in Feulgen preparations (fig. 33) 
or with either of the haeinatoxylin combinations used (fig. 32), 

The daughter chromosomes separate and move toward the respective 
spindle poles. After they reach the poles they become less distinct and 
appear massed or clumped. In connection with each daughter group the 
nuclear membrane and nucleolus appeal". In Feulgen preparations the chrO” 
matin graniiles: appear large and closely. packed,- there is, little ' indication 
of a reticulum (fig. 36). This condition persists for some time. 



1941] 


AKINS: CARTERIA 


439 


The protoplast divides by constricting between the newly formed 
daughter nuclei. Although this appears to be a transverse division, it divides 
the protoplast longitudinally because of the previous revolution. 

The cell may quickly divide a second time, or the two daughter proto- 
lilasts may develop walls while still within the motlier-eell wall. The daugh- 
ter cells shift positions within the mother-cell wall and iisualh" come to lie 
with their anterior ends oppositely placed (fig. 37). They develop flagella 
which can be seen to be curled around each daughter cell and beating 
slightly. The daughter cells are freed by a local disintegration of the mother- 
cell wall. 

If a second division follows, the daughter nuclei formed by the first 
division do not assume a typical resting condition, and the daughter cells 
do not form visible walls but remain tightly appressed. The second division 
is similar to the first, but it is more difficult to follow because of the crowd- 
ing of the nuclear contents within a smaller space. It is uncertain whether 
a revolution of the daughter protoplasts occurs. The two nuclei do not 
always divide simultaneously ; one may be at the equatorial-plate stage while 
the other is in an early prophase. The two daughter cells divide in planes 
at right angles to each other and to the plane of the first division. 

A third division also may follow, or the four daughter protoplasts formed 
by the second division may develop walls. In the latter case the cells shift 
within the mother-cell wall and become variously arranged. The mother wall 
breaks down and the cells are liberated. If a third division follows the sec- 
ond, it is very similar to the first and second divisions, but the nuclei and 
pyrenoids are usually so close together that the story cannot be followed in 
detail. Eight small daughter protoplasts are finally formed, which develop 
walls and flagella. The mother wall breaks down and liberates the cells of 
the eoloiiy. 

It was impossible to follow the blepharoplasts after the revolution of the 
protoplast was complete or to observe their formation and the growth of the 
flagella. Few colonies of sixteen cells were observed. Gametes were obtained 
only once during the conree of this study. All later attempts by varying the 
nutrient concentration, illnmination, and temperature failed to induce their 
formation. Either environmental conditions have not been suitable or else 
the strain is heterothallic. When gametes were formed the cultures were 
being watered with lake water, and it is possible that the second strain may 
have been introduced with the water. 

Palmella-like colonies, eonsistiiig of several colonies within a mother wall, 
are oecasionally formed in cultures growing on agar. These colonies are 
never very large, and the walls do not become noticeably gelatinous (fig. 39), 
When such colonies are placed on sand, the colonial walls break domi and 
the enclosed daughter cells develop flagella and become free-swimming. 
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DISCUSSION 

The neiirornotor apixiratus. Most investigators who have described 
blepliaroplasts in the Volvocales report the presence of either one or two. 
Even qnadriflagellate species seem generally to possess but tAvo. In Ccirteria 
crucifer(xho\veYer, certainly three and in all probability four blepharoplasts 
are present. 

A cytoplasmic strand extending* from the bases of the flagella toward 
the nucleus was described by Dangeard (1898) in PJiacotus angulosus, 
Chlorogonium encMorimi, C ercidhmi elongatum, and Chlaynydoynoiias vana- 
hilis. Later (1900, 1901) he referred to a similar structure in Polytoma 
iiveUa as a '‘rhizxjplast.” Rhizoplasts, connecting* the blepharoplasts with 
the nucleus, have been described by Prowazek (1901) and Entz (1913, 1918) 
in Pohjtoma uvella, by Kater (1929) in Clilamydomonas nasufa, by Elliott 
(1934) in Haematocoecus ■phivialiSy by Hovasse (1937) in Eudorina [Pleo- 
dorina) Ulinoisejisis, and (somevhat doubtfully) by Hartmann (1919) in 
Chlorogoniiim elongatum and by Kater (1925) in PolgiomeUa ciiri. Two 
rhizoplasts, one extending from each blepharoplast toward the nucleus, were 
reported by Mast (1916) for Eudorina sp. and by Hartmann (1921) for 
E. elegans. 

In Carferia crucifera a strand AAdiich might be taken for a portion of a 
rhizoplast is visible between the contractile vacuoles. This strand, however, 
eaiiiiot be traced beyond the inner margins of the vacuoles. It seems clear 
that what is seen here is the layer of cytoplasm between the contractile 
vacuoles. This is the only species thus far investigated in which the nucleus 
is posterior to tlie pyrenoid. It is possible that in forms in Avhieh the nucleus 
is anterior, the narroAv layer of cytoplasm betw^een the vacuoles, erroneously 
interpreted as a rhizoplast, has been thought to extend to the nucleus. 

An iiitranuelear eentrosome wdiose division products appear at the poles 
of the spindle has been reported by Prow^azek (1901) and Entz (1913, 1918) 
ill Polytoma uvella, by Hartmann (1904) m Yolvox globator, lyy Zimnier- 
mann (1921) in V. aureus, and by Kater (1929) in CJilaynydomonns nasuia. 
Chattoii (1910) described a eentrosome within the nucleolus (karyosome) 
in' Pleodorina calif ornica. Elliott (1934) found an extraiiuclear eentrosome 
which funetions as a division center in Haematocoecus phivialis. Centro- 
somes were observed at the poles of the spindle by Aragao (1910) in Poly' 
tomella agilis and by Hartmann (1919) in GMorogonium elongatuni. Kater 
(1925) found no eentrosomes in the resting nuclei of vegetative cells of 
' PolytowieUa cifri, although eentrosomes appeared at the poles of the spindle. 
In encysted cells, hoAvever, extranuclear eentrosomes were visible. In all 
these species the eentrosomes and blepharoplasts, commonly eomieeted by a 
rhizoplast, are. reported to function in their distinctive, capacities. In EudO' 
rina (Pleodorina) illinoisensis according to Hovasse,' ' (1937)',' tt,he ', two 
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blepliaroplasts iiiigTate from the bases of the flag'elia to the iiiicleiis, move 
along the iiiielear membrane to opposite sides of the nucleus and determine 
the respective poles of the spindle. After division each body moves to the 
anterior end of its daughter cell and divides to form two blepliaroplasts. 
This is the only example among the Volvocales of a body reported to func- 
tion as both centrosome and blepharoplast. Hovasse saw in the nucleus of 
this species from one to three bodies which are conneeted with the nucleolus 
by strands. He suggested that they be called ''satellites of the nucleolus.'’ 

No bodies were observed at the poles of the spindle by Dangeard (1898, 
1900, 1901) in several species of Chlorogonium, Cercidimn, Lobomonas, 
PJiacotus^ CMamydomonaSf and Carteria, and in Polytoma uvellay by Merton 
(1908) in Pleodorina illmoisensisy by Eeicheno\v (1910) in Haematococcus 
pluvialis^ by Jameson (1914) in Parapolytoma satura, by Doflein (1916, 
1918) in Polytomella agilis, or by Belaf (1921) in an unidentified species 
of Ghlamydomonas. 

In Carteria crucifera from one to five rather conspicuous bodies are vari- 
ously located within the nucleus. There is no evidence that they are con- 
nected with the nucleolus. The bodies are most consistently and easily ob- 
served in Feulgen preparations. Although they are stained by haematoxylin, 
the darkly stained nucleolus aixd the cytoplasmic inclusions sometimes make 
their recognition difficult. There is no indication of a body at either pole 
of the sharply pointed spindle. It is possible that in previous studies one 
of these intranuelear bodies has been identified as a centrosome and that two 
of them have been interpreted as the product of a recent division of a eentro- 
some. The Feulgen technique has not previously been employed extensively 
in investigating members of the Volvocales. In view of their reaction to this 
technique, it is suggested that the structures in question are ehromocenters 
and that they are similar to the bodies observed by Hovasse in Eudorina 
(Pleodorina) iUinoisensis. The term " chromoeenter ” seems suitable, for 
these bodies appear to be definite chromatic regions which remain condensed 
and highly chromatic during the resting stage. 

The nucleolus. A ehromatin-containing nucleolus ■which fragments to 
form the chromosomes was described by Jameson (1914) in Parapolytoma 
satura and by Kater (1925) in Polytomella citrL Eater (1929) held that 
the cortical portion of the nucleolus ot CMamydomonas nastiia contains 
chromatin. The nucleolus of Carteria cfuc^/era contains no chroma 
Feulgen preparations show the nucleolus as a non-ehromatic spherical body 
surrounded by an accumulation of chromatin granules. It is possible that it 
was the aggregation of granules about the nucleolus which led Kater to his 
conclusion. 

Mitotic phenomena. Hartmann (1919) described in Chlarogonkim elon- 
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gatum tlie format ion of a lialf-spiiidle, wliieli is followed by the division of 
both eeiitrosoiiie and lialf-spindle. One half-spindle and its eentrosome 
migrate along the iiiielear membrane to the opposite side of the nucleus 
from the position of the sister eentrosome and half -spindle. The same author 
(1921) found that in the first division of Eudorina elegans the spindle is 
formed in the typical fashion, but that in the second division of some cells 
a lialf-spindle appears whose behavior is similar to that seen in Chloro- 
gonhim. In Carferki crucifet'a spindle-formation is of the typical sort. 

Ill Polytonia uvella, according to Entz (1913, 1918) the flagella and 
biepharoplasts persist during the early stages of division but eventually dis- 
appear. After mitosis a body buds off from the nucleolus, divides, and one 
division product remains in the iincleus as the eentrosome, while the other 
migrates to the anterior end of the ceil, the rhizoplast appearing behind it. 
At the anterior end it divides to form two biepharoplasts. Kater (1929) and 
Elliott (1934) found that in Chlamydomonas nasuta and Haemafococcits 
pluv kilts the flagella and biepharoplasts disappear during division. After 
the division is compieted a body buds off from the eentrosome and migrates 
to the anterior end of the cell, remaining connected with the eentrosome by 
a rhizoplast. This body divides to form the two biepharoplasts. Aragao 
(1910) and Dofiein (1916, 1918) report that in Polytomella agilis one 
blepliaroplast and two flagella pass to each daughter cell during division. 
Each blepharoplast then divides and two additional flagella are formed in 
each claiighter cell. According to Jameson (1914), in Parapolytoma sattira 
the biepharoplasts and flagella pass during cell division to a single daughter 
eell. In the daughter cell which does not receive these structures, a body 
buds off from the iiiicleolus, divides, and the daughter halves migrate to the 
anterior end where they become blepharopiasts. Kater (1925) reported that 
in Polytomella citri the blepharopiasts persist and divide during the division 
of a vegetative cell. In an encysted cell a new eentrosome and biepharoplasts 
are formed by a bud from the nucleolus which divides. One division product 
remains outside the nucleus, supposedly as the eentrosome, -while the other 
migrates to the anterior end of the eell and divides to form the biepharo- 
plasts. Hovasse (1937) found that in Eudorina {Pleodorina) Ulinoisensis 
the two biepharoplasts, after cell division, migrate from the poles of the 
spindle to the anterior ends of the respective daughter cells and divide. 

In (JuTtefia cfticifetci it -was not possible to follow the biepharoplasts 
after the' revolution of the protoplast was completed. No stages were ob- 
served which indicated the budding off of a body from the nucleolus. The 
biepharoplasts do not stain with Peulgen’s nueleal reaction ; they seem to 
have no relation to the bodies present in the nucleus. 

Kater (1929) obsezwed.a revolution of the- protoplast "before mitosis 
tliroiigh an angle of 90° hi CManiydomojias nasuta. A similar revolution 
occurs in Carteria crucifera. 
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Daiig-eard (1898) reported the following ehromosome iiiiiiibers : Clilmnij~ 
donionas Dilli 10, C, variahiUs 10, 0. monadina 30, Carieria cordiformis 12. 
Paselier (1916) found 10 chromosomes in an unidentified species of Chlaniy- 
domonas. Eight elironiosonies are figured hy B^af (1926) in an iiniianied 
Ghlamydomonas, Moewus (Hartmann 1934) obseiwed 10 in Chlamy donionas 
eugametos, in C. pawpera, and in a hybrid between 0. eugameios and C. pau- 
per a. Carteria crucijera, has nine. There is apparently no relation between 
the number of chromosomes and the number of flagella in Chlaniydomonas 
and Carteria, Species of the biflagellate Chlamy donionas thus far investi- 
gated have chromosome counts ranging from eight to thirty. The two species 
of the quadriflagellate Carteria which have been studied have counts of nine 
and twelve chromosomes. 

SUMMARY 

The chloroplast of Carteria eriicifera is H-shaped in longitudinal sec- 
tion; strands extend from the periphery to the central region where the 
pyrenoid is located. 

The outermost portion of the pyrenoid at times stains differently from 
the remainder ; this differentiated portion may represent a transition stage 
in the transformation of the pyrenoid substance into starch. The occurrenee 
of two layers of starch grains close about the pyrenoid and the variation in 
staining reaction of the pyrenoid indicate that from it are formed all the 
starch grains within the cell. 

Three, occasionally four, blepharoplasts are visible at the bases of the 
flagella. In fixed material the contractile vacuoles are enlarged and the layer 
of cytoplasm between them resembles a rhizoplast. In no case is it possible 
to trace this layer or strand beyond the inner margins of the contractile 
vacuoles. 

The nucleus has a distinct membrane, a large nucleolus, and chromatic 
material in the form of strands and knots or granules. The nucleolus con- 
tains no chromatin. 'Within the nucleus are from one to five variously located 
bodies which are larger than the granules obviously of chromatin, yet which 
stain like chromatin wdth Peulgen^s nueleal reaction and with haematoxylin. 
It is suggested that these bodies are chromocenters. 

Nuclear division is preceded by a revolution of the protoplast through 
an angle of 90"^ and by the division of the pyrenoid by constrietion. There 
is no indication of a centrosome at either pole of the spindle, which lies 
longitudinally or obliquely between the daughter pyrenoids. The protoplasm 
divides,,'by. constriction. 

There is apparently no relation between the number of chromosomes and 
the number of flagella. Carteria crucifera has nine chromosomes. 

Warren, Illinois 
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BIOTIN AND THE GROWTH OF FUSARIUM 

AVENACEUM^ 

William J. Robbins and Roberta Ma 
(with six figures) 

Vitoria (21) reported in 1939 that Fusarium avenaceum did not grow 
in a liquid inedinm containing per liter 7.2 g. cane sugar, 3.6 g. dextrose, 
1.23 g. MgS04 - 7 H2O, 2.72 g, KH2PO4, and 2.02 g. IvNOs, hut grew on the 
same medium solidified with agar. Other species of Fusarhini grew well in 
the liquid medium. Vitoria found further that the addition to his medium 
of the filtrate from a sixMlaymld culture of PenkUlum si), permitted the 
development of F. avenaceum. As little as 0.25 ml. of the filtrate 

was effective though the benefit increased with additions up to 50 ml. of 
filtrate. 

The nitrogen in the basic medium used by Vitoria was in the form of 
nitrate, which is a poor source for some fungi (14). It might be suggested 
that the benefit observed from the filtrate of the FenicMum culture was due 
to organic nitrogen derived from that fungus. However, 0.25 ml. of the 
filtrate must have contained very little organic nitrogen. This consideration 
suggested that the failure of P. avenaceum to grow in the liquid medium 
might have been the result of growth substance deficiencies which were sup- 
plied by the agar or by the Penici7/um filtrate. One of the authors has been 
interested in the growth substances in agar (13, 16) and the effect of agar 
on P. avenaceum seemed worthy of further investigation. 

materials and methods 

Three strains of P. aveneieeian were obtained. One was kindly supplied 
by Dr. E. C. Stakmaii; it will be referred to as strain (M). The second was 
secured through the courtesy of Dr. R. TV. Goss and will be called strain 
(N). The third was obtained through the kindness of Dr. Vitoria and will 
be called strain (V). The three strains differed in appearance of colony, 
pigment prodiietion, and size and shape of eonidia. The (M) and (N) strains 
were iniieh alike and both produced conidia which from 1 to 3 celled 
and: inclined to he straight with blunt .ends. The (V) 'strain formed reddish 
pigment freety and the eonidia were 'from. '5- to 7' celled) .curved, and with 
pointed ands.. ■ y 

Three'''Ta.sie inc'dia''' were used as follo'ws':.'- 

SolutiGn 1 eoiitained per liter of distilled water 50 g. dextrose, 1-5 g. 
KH2PO4:,, 0.5 ' g.. MgS:04'‘'.7H20,''and 2.0 g. .asparagine- solution .2 w.aS'Vi- 

1 Supported la' part ,'by a. .grant f rpm the J osiah Maey J r. . Eoundation. 

, . , , 446 
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toria’s liquid medium; solution 3 was solution 1 with 1.76 g. of (NR,) 2^04 
instead of asparagine. This quantity of (NH 4 ) 2 S 04 contained the same 
amount of nitrogen as the 2 g. of asparagine. 

The dextrose was Corn Products C.P. ; the asparagine was purified by 
treatment with Norit A and reerystaliization from alcohol ; the other chemi- 
cals M^ere of C.P. grade unless specifically noted. All glassware was pyrex, 
cleaned with chromic acid cleaning mixture and thoroughly rinsed with tap 



Fio. 1. F. avenaceum, strain (V), On solution 2 plus (A) 1.5% Difco agar (B) 
4.5% purified Difco agar. Age of cultures 3 days. Fig. 2. Three strains of F. avenaceum 
on solution 2 plus 1.5% purified Difco agar: A, strain (V) ; B, strain (N) ; C, strain (M). 
Age of cultures 4 days. 
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and distilled water. Media were sterilized at 12 pounds pressure for 20 
niiiiiites. For inoculation a bit of myceliiiin approximately a square nun. in 
area was removed from a culture on ag‘ar ; care was taken to transfer none 
of the agar. In some instances eonidia instead of mycelium were used for 
inoeiilatioii. Cultures were incubated at 25° C. in the dark. 

EXPERIMENTS 

Growth in liquid cultures. Yitorials report that his strain of F . avena- 
eeuni does not grow in liis liquid medium was confirmed. Triplicate cultures 
eontaining 25 ml. of solution 2 in 125 ml. Erlenmeyer flasks were inoculated 
with bits of myeeliiini from a culture of strain (Y) on a thiamin-peptone 
agar (18). Growth in a period of 7 days was slight and subcultures into 
solution 2 failed completely. The same results were secured with solution 1 
ill whieli the nitrogen was supplied as asparagine. 

Strain (M) grew’ well in solution 1, in which it jiToduced a greenish 
yellow pigment. It ivas carried for four successive passages in this solution 
and showed no evidence of reduced growth in the fourth passage. Similar 
results were secured with solution 2, though the growth was not so vigorous 
as ill solution 1 and no pigment was produced. 

Strain (N) grew well in solution 1 through four successive passages but 
produced less pigment in the solution than strain (M). Its growdh was as 
vigorous as that of strain (M). Strain (N) grew in solution 2 also but less 
well than in solution 1. 

Prom this experiment it appeared that the three strains differed in their 
groudh responses and that a solution in which strain (M) and (N) grew’' 
quite ■well ivas unsatisfactory for strain (Y). 

Effect of agar. Solution 2 wus solidified with 1.5 per cent agar and 
approximately 8 ml. placed in test tubes, sterilized, and sloped. Triplicate 
tubes of four types of agar w^ere used as follows : 

1. A sample of Difeo standardized granulated agar. 

2. The same agar purified by extraction -with 5 per cent aqueous pyri- 
dine and alcohol.^ 

3. A sample of Bimer and Amend flake agar. 

4. The same agar purified by extraction with pyiidine and alcohol. 
Strain (Y) grew” -well on solution 2 plus 1.5 per cent Difeo agar; the myce- 

2 The agar was purified as follows: 1 pound of agar was treated in a percolator with 
12 liters of 5 per cent aqueous distilled pyridine; the final percolate was colorless. 
The agar was then washed with 2 liters of ethyl alcohol and boiled with 12 liters of 
ethyl aleohol. It was filtered through a Buchner funnel and dried at 50-60° C. The 
percolate and w^asliings were combined, evaporated to remove the pyridine and alcohol, 
and made' up to volume with-distilled water so that 1 ml. of the extract was equivalent tO' 1' 
gram of the extracted agar. 
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Hum nearly covered the surface of the slope in three days. It grew little or 
not at all when the purified agar was substituted for the uiipurified agar 
(%• !)• Similar results were obtained wdth the purified and uiipurified 
Eimer and Amend flake agar, though the organism grew less rapidly on the 
medium solidified with the unpurified flake agar than on that in which 
unpurified Difco agar was used. 

Strains (M) and (N) grew on the media solidified with all four types of 
agar (fig. 2), but the growth on media made with the purified agars was 
less rapid than on that made with either of the unpurified agars. 

Subcultures of each strain on each type of agar were carried for three 
successive passages^ with no significant differences between the growdh on a 
particular medium in successive passages. The development of strain (M) 
was much like that of strain (N) ; white cottony aerial mycelium formed on 
the agar slopes and little pigmentation was observed. The aerial mycelium 
of strain (V) grown on the unpurified agars was less luxuriant than that of 
strain (M) and (N) and considerable pink color was formed. 

Effect of agar extract on growth of strain (F). The failure of strain (V) 
to grow satisfactorily on media made with the purified agars w^as because of 
the removal of some beneficial principle from the agar in the purification. 
This was demonstrated by observing the effect on its growth of additions 
of the agar extract to the purified agar. Solution 2 with 1.5 per cent purified 
Difco agar was prepared. To some tubes extract^ was added equivalent to 1 
per cent, 5 per cent, or 15 per cent agar. The organism made little or no 

TABLE! 


OroiDth of strain (V) of F. avenaceum on agar slopes of sohiMon B plus 1,5% purified 
Difco agar to lohich various supplements were added. For details see text. 


Additions to solution 2 xfius 1.5% 
purified agar 

Diameter of colonies in cm. 

2 days 

3 days 

None 

5 supplements — 

No growth 

1.3 

No growth 

1.0 

1.95 

■ 2,4 

■"2,2. 1 

1.3 ''vj 

■ 1.7 , 

No growth 

2.4 ,, „ . 

No growth 

No growth 
, 2.0 . 

■ ''3,8. , , 

3.8 

'3.5' 

,2.5' 4 ■■■ 

' ; 3.0^'' 

No growth 

12 supplements : 

Extract equivalent to 1% agar 

Extract equivalent to 5% agar 

Extract equivalent to 15% agar 

Biotin 

rifi f 

I)r fraction 

Ca & Dr fraction . 



3 The growth of strain (V) on the media made with purified agars was so poor in the 
first passage that no attempt was made to carry it beyond the second passage on the 
purified agar. 

4 The extract contained 10 per cent dry matter of which about 15 per cent was ash. 
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gTowtli on tile purified agar but grew well on the purified agar to which the 
agar extract was added (table 1). Rapid growth occurred in all tubes coii- 
tainiiig agar extract and in less than a week the slope was covered with 
inyceliuin and an orange-colored mass of spores occupied an area 1 cm. or 
more in diameter on those cultures with extract equivalent to 15 per cent 
agar (fig. 3). A similar but somewhat smaller area of spores was formed on 
the eiiltiires with extract equivalent to 5 per cent agar. None was observed 
ill the tubes with 1.5 per cent unpiirified agar or on those containing purified 
agar and extract equivalent to 1 per cent agar. 

Ejfect of various growth substances on strain {V). There appeared to be 
something extracted from the agar which induced growth of strain (V). 
This material or materials was not effective through modifying the pH since 
the iiydrion concentration of media made with the purified and unpurified 
agar was found to be the same. It was tliouglit not to be a mineral nutrient 
or to serve as a source of nitrogen because mineral salts and a nitrogen 
source were added to both the purified and unpurified agars and, further, 
the nitrogen compounds in agar are relatively unavailable. The effect of 
various growth substances "was, therefore, determined. 

The following media were prepared in tubes; six replications of each 
medium w’ere used. The source of each growdli substance and the quantity 
used per tube are given beiowu 

1. Solution 2 with 1.5 per cent purified Difeo agar. 

2. Solution 2 with 1.5 per cent purified Difeo agar plus thiamin, Merck’s 
synthetic, 10 millimieromoles ; pyridoxine, Merck’s synthetic, 20 millimiero- 
moles; ealciiim pantothenate, Merck’s synthetic, 5 micrograms ; biotin, du 
Yigneaud, 0.004 mierogram; nicotinamide, S.M.A., 10 micrograins. 

3. Solution 2 with 1.5 per cent purified Difeo agar plus para-aminoben- 
zoic acid, Eastman, 5 mierograms; pimelic acid, Eastman, 5 mierograms; 
i-iiiositol, Pfanstiehl, 10 ingm. ; riboflavine, Labeo natural, 10 millimiero- 
moles ; glutamine, Clyorgy, 10 mierograms ; 2-methyhl, 4-naphthoquinone 
(S.M.A.) 5 mierograms; ascorbic acid, Merck’s natural, 5 mierograms. 

4. Solution 2 with 1.5 per cent purified Difeo agar plus the 12 growlh 
siibstanees. ' 

Two days after inoculation there w’as no growth on medium 1, the colonies 
on medium 2 averaged 1.3 cm. in diameter, no growdh appeared on medium 3 
and on medium 4 the colonies averaged 1.0 cm. in diameter (table 1). At the 
end of a w^eek very little growdh had occurred on media. 1 and 3 ; the surface 
of the agar slopes of media 2 and 4 was covered with mycelium though the 
growlh wus somewhat less vigorous on medium 4 than on medium 2. 

5 The biotin was a pure preparation of the methyl-ester supplied through the courtesy 
of r>r. Yincent du Vigneaiid and described in a recent publication (5). 
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These results indicated that one or more of the five growth substaiiees 
ill the mixture used in medium 2 induced growth of strain (V) on solution 
2 prepared with 1.5 per cent purified agar. Biotin methyl-ester was found to 
be the effective substance. 

Effect of liotvn on growth of strain (T). The growth of strain (Y) on 
solution 2 solidified with 1.5 per cent purified agar plus 0.004 mierogram 
of biotin per tube eontaining 8 ml. of medium was found to be about equal 
to that on the same medium plus pyridoxine, thiamin, calcium pantothenate, 
and nicotinamide in addition to the biotin. Growth in the tubes eontaining 
biotin was, however, less rapid than on media eontaining agar extract equiva- 
lent to 1 per cent agar (table 1). 

These observations demonstrated that the growth of strain (Y) on media 
prepared with the purified agar w^as poor because the organism suffered from 
a biotin deficiency. It appeared that sufficient biotin ivas present in the 
unpurified agar to satisfy the deficiency and that the biotin was removed 
from the agar by the method of purification used. 

However, the addition of agar extract to the purified agar seemed to be 
more effective than the addition of the 0.004 mierogram of pure biotin. Why 
should this be ? Several possibilities must be considered. Perhaps the amount 
of biotin added in the extract equivalent to 1 per cent agar was greater than 
the 0.004 mierogram of pure biotin used per tube in the experiment described 
above. F, avenaceum exhibit partial deficiencies for growth substances 
other than biotin which are supplied by the agar extract. If so, the substances 
involved are not pyridoxine, pantothenic acid, thiamin, or nicotinamide, 
since growth With these four supplements in addition to biotin was about 
the same as with biotin alone. It is probable also that they are not included 
in the second group of seven since the growth wdieii all twelve growth sub- 
stances were used was not better than when the biotin alone wus present 
(table 1). The niinerals in the agar extract may have been important or 
some other factor may have played a role. Some of these possibilities were 
investigated. 

Effect of quantity of hiotin. Tubes of solution 2 with 1.5 per cent purified 
agar were prepared. To some tubes extract equivalent to 0.5 per cent, 1.0 
per cent, 5 per cent, or 15 per cent agar wm added ; to others biotin was 
added in the following amounts per tube: 0.001, 0.005, OM, 0.05, or 0.1 
mierogram. Bight mgs. of asparagine were added to some tubes containing 
0.05 mierogram or 0.1 mierogram of biotin. The experiment was performed 
in triplicate and carried for two successive passages. The second passage 
was started when the cultures in the first passage were three days old. Tubes 
of each kind of medium in the second passage were inoculated from the 
growth in tubes of the same kind of medium in the first passage. 



452 


BT^LLETIN OF THE TORREY CLUB 


[VOL. 68 


TABLE 2 

Growth of strain (V) of F. avenaceum on agar slopes of solution £ plus 1.5% purified 
TJifco agar to which mrions supplements were added. 




Diameter of colonies cm. 


Additions to 8 ml. of solution 
2 plus 1.5% pinified agar 

^ - ■ 

1st iiassage 

2nd passage 

2 days 

3 days 

2 days 

3 days 

None 

0.6 

0.6 

No groivtli 

No growth 

Extract equivalent to 0.5% 



2.0 

3.5 

1.6 

2.9 

Extract equivalent to 1.0% 

agar 

Extract equivalent to 5,0% 
agar 

2.3 

3.7 

1.9 

2.0 

3.1 

3.4 

Extract equivalent to 15.0% 
agar 

2.3 

4.0 



0.001 inicrogram biotin 

0.6 

1.1 

No growth 

0.4 

0.005 inicrogram biotin 

2.0 

3.3 

1.5 

2.7 

0.01 niierogram biotin 

2.0 

3-1 

1.4 

2.5 

0.05 niierogram biotin 

1.9 

3.5 

1.4 

2.3 

0.1 microgram biotin ... 

1,9 

3.3 

! 1.5 

2.5 

0.05 mierograni biotin and 8 | 
ingm. asparagine j 

1.6 

2.9 

I 1.2 

2.1 

0.1 niierogram biotin and 8 | 
ingm. asnaragine j 

1.5 

2.7 

1.3 

2.3 


In the first passage there was some growth at the expense of the original 
inociiium on the purified agar, but little or no growth occurred in the second 
passage (table 2). The effect of 0.001 inicrogTam of biotin per tube was 
slight ; 0.005 inicrogram produced considerable grovffh and as far as colony 
diameter was eoiicerned there was little difference between the effects of 
0.005 inicrogram and 0.1 inicrogram of biotin. The heaviness of growth, 
however, increased as the amount of biotin inereased (fig. 4) . The addition 
of asparagine reduced the rapidity of growth. Even with 0.1 inicrogram of 
biotin per tube the diameter of the colonies was less than with extract equiva- 
lent to 1 per cent agar. This suggested that although biotin is the material 
priinarily responsible for the effectiveness of agar in causing growth of 
strain (V) there are other soluble substances in the agar which favorably 
affect growth of the organism in the presence of biotin. This assumption is 
supported by comparing the growdh F. avenaceum in liquid cultures con- 
taining pure biotin with that in cultures eontaining agar extract with known 
hiotin content. ■ 

Quantify of biotin in Difco agar. The quantity of biotin in the extract 
of Difco agar was estimated by the growth of Ashby a gossijpU as described 
by Robbins and Schmidt (15). Various quantities of the agar extract or of 
biotin (table 3) were added to 25 ml. quantities of the solution used by 
Robbins and Schmidt and the hydrion concentration was adjusted with 
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N'a 2 HP 04 so that it was pH 5.6 after sterilization. The cultures were inocu- 
lated with a suspension of Ashhya and incubated at 25° C. for 15 days. Dry 
iveig‘hts were determined by filtering into Gooch crucibles and drying at 
100° C. The biotin was estimated by the curve given by Robbins and Schmidt. 
The experiment was performed in triplicate. 



T’ig. 3. F. avenaceum, strain (Y), on solution 2 with 1.5% purified Bifco agar plus 
(A) nothing, (B) extract equivalent to 1% agar, (0) extract equivalent to 5% agar, (I)) 
extract equivalent to 15% agar, (E) 0.004 mierogram biotin per tube. Age of cultures 6 
days. Fig. 4. F. avenaceum, strain (Y), on solution 2 with 1.5% purified Difeo agar plus 
(A) nothing, (B) 0.001 mierogram biotin, (C) 0.005 mierogram, (D) 0.01 mierogram, 
(E) 0.1 mierogram per tube. Age of culturep 6 days. 
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Some growtli. Qceiirred in tlie cheek solution probably at the expense of 
biotin carried over with the inoeiiluin which came from an agar containing 
tliiaiiiiii and peptone. However, 0.005 microgram of biotin increased growth 
and 0.01 microgram gave a further increase. A favorable effect of 0.025 ml. 
of agar extract eoiitainiiig 2.5 mg. dry matter was observed and further 
benefits were obtained up to 0.625 ml of agar extract per flask. Growth was 
less with 1.25 ml. of agar extract per flask than with 0.625 ml., evidently 
because of some inhibitory action of this quantity of material. 

In the fourth and fifth colnmns of table 3 the quantity of biotin in the 

TABLE 3 

Growth of Askhya gossypH solutions supplemented unfit agar extract or pure 
hiotin and the quant if y of biotin in the agar extract as estimated f rom the groivtli of 
Ashby a. 


Additions to 25 ml. of Robbins 
and Schmidt solution 

Av. dry wt. 
Ashbya per 
culture nig. 

Net dry 
wt. Aslibya 
lier culture 
mg. 

Biotin per 
culture 
milli-micro- i 
grams 

Biotin per 
ml. agar 
extract 
milli-micro- 
grams 

1.25 ml. agar e.vtract 

20.3 

^ 15.5 


1 

0.625 ml. agar extract 

41.0 

36.2 

58 

92.8 

0.25 ml. agar extract 

24.5 

19.7 

24 

96.0 

0.125 ml. agar e.xtract 

16.9 

12.1 

9.9 

79.9 

0.025 ml. agar extract 

10.3 

5.5 

2.8 

112.0 

None - 

4.8 




0.005 microgram biotin 

12.8 

8.0 

I : 


0.01 mierogram biotin 

15.2 

1 10.4 

i . I 



agar extract added per culture and the quantity of biotin per ml. of agar 
extract as calcnlated from the growth of A. gossypii are given. 

The average amount of biotin per ml. of agar extract as estimated by this 
means was 0.095 microgram. Since 1 ml. of the extract was equivalent to 1 g. 
of original agar the biotin content of the original agar also was 0.095 micro- 
gram or 1 g. of biotin in about 10,526 kg. of agar.® 

Kogl and Toiinis (8a) estimated 1 g. of biotin in 3,125 kg. of dried egg 
yolk. On the basis of these figures the Difco agar we used contained about 
one-third as much biotin as dried egg yolk, the source from which Kogl and 
Toiiiiis originally isolated it. 

In the experiments described above in which agar extract or biotin was 
added to pure agar it was observed that the growth in 8 ml. of medium con- 
taining 1 per cent agar extract was somewhat better than in the same quan- 
tity of medium plus 0.004 microgram of biotin. Eight ml. of 1 per cent agar 
extract coiitaiiiecl 0.08 ml. of agar extract, or 0.0076 microgram of biotin, a 
qiiaiitity sufficient to give the results, observed. ' 

6 Bn Ymgnemd, mmg growth of yeast for bio-assay, found the biotin content of this 
agar extract to be 0.041 microgram per ml., about one-half the value we obtained from the 
growth ot.Ashbya. A sample of Eimer and Amend flake agar contained about one- 
twentieth as much. 
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Effect of hiotin or (igar extract in liquid cultures. Tliat a biotin deficieiiey 
is responsible for tlie fsaiiure of tbe (Y) strain of F. cirenaceuni to grow in 
liquid enltiire lacking organic substanees other than sugar and that its biotin 
content is primarily hut not entirely responsible for the beneficial effect of 
agar was further demonstrated by the following : 

The (Y) strain was grown in 25 ml. quantities of solution 2, solution 2 
plus 0.01 inicrogram of biotin per flask, solution 3, and solution 3 plus 0.01 
inicrogram of biotin per flask. A suspension of spores from a eiiltiire on 
solution 2 solidified with 1.5 per cent purified Difco agar plus extract equiva- 
lent to 15 per cent agar was used as inoculum. The experiment was per- 
formed in triplicate. The spores germinated but very little mycelium devel- 
oped in the solutions without biotin. Considerable growth occurred in the 
solutions with biotin ; the growth in solution 3 was somewhat better than in 
solution 2. 


TABLE 4 

Groivth of F. iwenaceum in solutions supplemented with pure 'biotin^ with agar ex- 
tract, or with pure hiotm and mineral supplements. Age 'I dags. 


Additions to 25 ml. of solution 3 

Amt. biotin in 
agar extract 
det ^d by growth 
of Ashby a 
mierogram 

Amt. biotin in 
agar exta'act 
det by du 
Vigneand 
mierogram 

i 

Av. dry wt. 
mycelium per 
culture mg. 

JSTone 



No growth 

1.4 

3.6 

0.001 mierogram biotin 

0.005 mierogram biotin 

, 


0.01 mierogram biotin 

0.05 mierogram biotin 



6.7 

16.7 

0.1 mierogram biotin 



21.7 

0.0125 ml. agar extract 

0.00119 

0.0005 

10,6 

0.0250 ml. agar extract 

0.00238 

0.0010 

11.8 

0.0625 ml. agar extract 

[ G.00595 

0.0025 

17.9 

0.125 ml, agar extract 

0.0119 

0.0051 

24.9 

0.25 ml. agar extract 

0,0238 1 

0.0103 i 

29.1 

0.5 ml. agar extract 

0.0476 

0.0205 : 

■ 35.4 

1.25 ml. agar extract 

0.1190 

0.0513 

53.1 

0,1 mierogram biotin and mineral 



22.6 ' 

supplements 




In a second experiment various amounts of biotin or agar extract (table 
4) were added to 25 ml. quantities of solution 3 and the cultures inoculated 
with a suspension of spores as before. To one set of cultures containing 0^. 
inicrogram of biotin per flask the following mineral supplements were added 
per liter: 0.G27 p.p.m. B, 0.106 p.p.m. Cu, 0.800 p.p.m. Fe, 0.053 p.p.m. Ga, 
0.053 p.p.m. Mn, 0.053 p.p.m. Mo, 0.479 p.p.m. Zn. The experiment was per- 
formed in quadruplicate. Dry weights -were determined after 7 days incuba- 
tion at 25° C. 

The spores germinated but no weighable myceliiun wus obtained in the 
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cultures with no org^aiiic material except dextrose. In the flasks eoiitaiiiing 
0.001 microgram of biotin 1.4 mg. of mycelium w'as secured, and the aiiiouiit 
of growth increased with the quantity of biotin supplied up to 21.7 mg. with 
0.1 microgram of biotin. The addition of the mineral supplements to cultures 
containing 0.1 microgram of biotin made no significant improvement. This 
suggests that mineral supplements were not responsible for the superiority 
of agar extract as compared to pure biotin. The addition of 0.0125 ml. of 
agar extract (1.25 mg. dry matter) per flask permitted 10.6 mg. of mycelium 
to develop and the amount of growth increased with the amount of agar 
extract up to 53.1 mg. of mycelinm with 1.25 ml. of agar extract per flask 
(table 4). 

In the second column of table 4 the amount of biotin supplied by the 
agar extract per culture is given as calculated from the deteriiiiiiations in 
table 3, and in the fourth column as determined by dn Yigiieaud. It is evi- 
dent that growth with the agar extract -was greater than would be expected 
from its biotin content. For example, a yield of 17.9 mg. mycelinm was 
obtained with 0.00595 microgram of biotin in the agar extract, while the 
yield with 0.005 microgram of pure biotin was but 3.6 mg.; 53.1 mg. of 
mycelium were obtained with 0.119 microgram of biotin in the agar extract 
while 0.1 microgram of pure biotin gave 21.7 mg. 

Effect of Ca and Dr fractions. That other growth substances than biotin 
affect the growth of F. avenaceimi is further supported by the action of two 
fractions obtained from potato extract as described earlier (17). The Ca 
fraction in the amount used was quite beneficial, the Dr fraction was ineffec- 
tive and combined they gave greater growth than either alone and as great 
as or greater than the most favorable amount of agar extract (table 1). The 
Ca fraction probably contained biotin as well as other growth substances, 
since it is a charcoal elnate from an extract of potato tubers. The Dr fraction 
contained little or no biotin, since it is the filtrate from the charcoal-treated 
potato extract. It is of some interest to contrast the effect of these fractions 
on F. civenaceiim and on Fhycojyiyces Blakesleeanus. The latter organism was 
affected by the Dr fraction to a considerably greater degree than by the Ca 
fraction (17). 

Mutation of stram (Y ) and hiotm deficiency. In the course of our experi- 
ments it was observed that an inoculation from a subculture of strain (V) 
grew" satisfactorily in solution 2 although inoculations from the parent cul- 
ture made earlier into the same medium had not grown. This variant from 
strain (V) grew also on solution 2 solidified with purified Difco agar; on 
sohitioii'2 solidified 'wdth 1.5 per cent Difeo'agar it grew" more rapidly than 
strain (Y) and had a less tufted and more uniform cottony white aerial 
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mycelium. Both produced considerable reddish pigment. A second variant 
appeared which grew on purified agar but was without pigment. 

It was noted also that in one or two tubes of a half-dozen eontainiiig solu- 
tion 2 and 1.5 per cent purified agar vigorous growth had occurred after a 
mouthy though for two weeks the inoculum had shown little growth and in 
the balance of the tubes the development was still slight after a month. 

Furthermore, although on some media, for example those to which extract 
equivalent to 5 or 15 per cent agar had been added, the growth was uniform, 
on other media considerable local differences in color or eiiaracter of myce- 
lium appeared as the cultures aged. 

The following explanations for these observations were considered. 

The original culture of strain (V) might have been mixed, eontaining 
an organism with a biotin deficiency and others which were self-sufficient 
so far as that growth substance was concerned. This did not seem probable 
because of the difficulty of conceiving that the self-sufficient strains in such 
a mixture lay dormant on a biotin deficient medium for a week or more and 
then sprang into active growth, as occurred in some instances in old tubes 
containing solution 2 and purified agar. It was thought unreasonable also to 
expect several inoculations made from a culture of strain (Y) to fail to grow 
in solution 2, which would mean that only the biotin-deficient element of the 
mixture had been transferred, while inoculations made from a subeulture 
of the parent culture grew in the biotin-deficient medium. 

It might be suggested that strain (V) became contaminated in the course 
of an experiment. This was considered unlikely because no other Fusaria 
than the three strains mentioned were in culture in the laboratory and most 
of the variants isolated from strain (Y) were clearly different from strains 
(M) and (N) as well as (Y). 

It was thought also that strain (Y) might possess a limited ability to 
synthesize biotin and that after two or three weeks on a biotin-deficient 
medium sufficient biotin might have been accumulated in the mycelium used 
as inoculum to permit growth to occur. However, the rapidity of growth once 
it started and the fact that subcultures from this growth were morphologi- 
cally different from strain (Y) made such an explanation untenable. 

The fourth explanation considered was that strain (Y) was nnstahle 
and produced saltations, dissociations, or imitations some of which were 
self-sufficient for biotin. Mutation is a well-known and common phenomenon 
in the Fusaria. Burkholder (3), Brown (2), Leonian (9), Sahai Yasudeva 
(19), Snyder (20), Orton (12), and others have eontributed observations on 
its oeeurrence. The validity of this hypothesis was tested as follows: 

Mono-comdial cultures. Two single-spore isolations from strain (Y) were 
made. For this purpose a macro-eonidium from a culture on solution 2 
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solidified ■witli 1.5 per cent purified agar and containing’ extract equivalent 
to 15 per cent agar was used. Eacli mono-eoiiidial isolation was grown on a 
tliianiiii-peptone agar. At intervals bits of niyceliiiin were removed from 
each isolation and transferred to 5 slopes of solution 2 containing 1.5 per 
cent purified agar. The following results w^ere obtained. 

Five transfers from eaeli monocoiiidial isolation were made to solution 2 
eontaiiiing 1.5 per cent purified agar when the cultures were two days old. 
These transfers grew slowly and by the end of 12 days the raised convoluted 
colonies w^ere all of about the same size and averaged 1 cm. in diameter. By 
the end of 19 days three of the ten transfers showed evidence of a spreading 
surface growth and several w^ere surnioiiiited by \vhite tufts but no colony 
had completely covered the agar slojie. After a month eight of the ten had 
nearly covered the surface of the slope, the new growdh consisting of reddish 
myeeliiim closely appressedAo the agar. Transfers made from this later 
growth grew’ w’ell on purified agar, indicating that a strain or strains self- 
sufficient for biotin had developed from the original biotin-deficient strain. 
Similar transfers w’ere made from the moiioeonidial isolations wAen they 
W’ere 4, 7, 9, 14, 21, and 28 days old, making a total of 70 transfers to purified 
agar from the moiioeonidial cultures on thiamin-peptone agar. One only of 
these 70 siibeiiltiires grew’ rapidly wfi thin the first Tveek after transfer, wiiieh 
suggests that a mutatiou had oceurred on the thiamin-peptone agar and had 
been transferred to the purified agar. Thirty-five of the remaining 69 cul- 
tures on tlie purified agar grew’ slowdy for one, twn, or three w’eeks and then 
grew’ rapidly, covering the surface of the agar slopes (fig, 5). Transfers to 
purified agar from the rapidly spreading mycelium of these cultures grew 
ivell, showing that mutation to a type capable of growing on a biotin-deficient 
inedium had oceurred (fig, 6). Transfers from the eonvolnted colonies w^hieh 
w’ere growing slowiy on the purified agar to the same medium either grew 
slowiy or failed to groAv. It is possible that all 69 of the transfers Avould have 
developed biotin-sufficient mutations if they had been observed for a longer 
period of time. 

It is not possible to say that mutations occurred more frequently on the 
biotin-deficient medium, although the data cited above Avould seem to sup- 
port that assiiinptioii. It should be remenihered that on the biotin-deficient 
iiiediiiiB a mutatiGn of strain (Y) tow^ard biotin snffieieney became evident 
because it spiead OA^er most of the agar surface. On a medium containing 
biotin a similar mutation would be overlooked and found by accident only. 
It is obvious that many questions on the type of mutation of F. avenacmim 
.obserA’ed' here remain to "be studied. 

The slow^ growth of strain (Y) on the purified agar indicates either that 
biotin wras not completely removed from the agar by the method of extrac- 
tion employed or that the organism is able to synthesize a small and insuffi- 
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Pig. 5. Mutation of strain (Y) to biotin-suiiicient form. Five transfers from 9-day'Old 
mono-eonidial culture of strain (Y) on tMamin-peptone agar to solution 2 plus purified 
agar. Age of transfers 12 days. Note that 4 of transfers have grown slowly and one has 
developed spreading growth over surface of agar. Transfer B resembled A, Cj D, and E 
for first 7 days. Fig. 6 . Cultures of strain (Y) on solution 2 plus purified agar. B, 
mutating culture shown in figure 5. A, transfer from culture B when it was 2 days old 
before mutation developed; C, transfer from culture B when it was 9 days old after 
mutation had developed. Age of culture A was 7 days and of C was 3 days. 
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cieiit ainoiiiit of tlie groivtli substance. The failure of the spores to do more 
than g’erniinate in a liquid culture lacking biotin suggests that the former 
interpretation is perhaps correct. 

DISCUSSION 

Biotin deficiencies have been reported for a number of filamentous fungi 
including Xematospora gossypii {Aslibya gossypii) and Lophodermium 
pinasfri (8), Melanconmm hetiilmiim and Hypoxylon pniinaPum (4), 
^larasmiiis androsaeeus and Marasmhis perforans (11), Melanospora destru- 
em, Podospora curvida, Sordaria pmcola, and Sordaria sp. (6). The work 
reported in this paper adds at least one strain of Fiisarmm avenaceiim to 
this list. 

Differences in growth substance deficiencies for strains of a given fungus 
also have been reported. Lindeberg (11) found one strain of Marasmkis 
perforans to be biotin deficient while other strains of the same organism 
were autotrophic for that substance. Hawker (6) found some strains of 
Melanospora desiruens to be biotin autotrophic while others were biotin 
deficient. Houston (7) reported one strain of Coriimim vaguni to require 
the addition of thiamin to the medium while others grew satisfactorily with- 
out its addition. 

Mutations in the fungi resulting in a change in growth substance defi- 
ciencies are not unexpected but have not hitherto been reported, though 
Leonian and Lily (10) suspected the occurrence of such mutations in some 
of their experiments. It seems very probable that fungi differ considerably 
in their stability with regard to growth substance deficiencies. We have 
cultivated Phycwmyces Blakesleeanus for over 6 years and have never 
observed a change which permitted it to grow in the absence of thiamin. 
■Williams (22) states that strains of SaccJiaromyces ceremseae have been cul- 
tivated in his laboratory for more than 15 years without changing their char- 
acteristics. However, the demonstration that mutations involving changes 
in the ability to synthesize growth substances do occur is of importance in 
the use of microorganisms for bio-assays, the study of the growth-substance 
deficiencies of microorganisms, and the investigation of the adaptive pro- 
duction of enzymes. 

The development from the biotin-deficient (V) strain of Fusarnm 
avenaceum of mutations which were autotrophic for that growth substance 
raises the question as to whether the (M) and (N) strains which also were 
biotin autotrophic may not have been derived by mutation from a biotin- 
deficient strain similar to the (Y) strain. It is of interest to record that in 
our experiments we obtained from the (Y) strain a biotin-a^^^ 
variant which closely resembled in general appearance, habit of growth, 
and spore form the (M) and (N) strains. 
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The presence of biotin in agar was previously reported by Allison and 
Hoover (1), Hawker (6), and Eobbiiis (16). To find in some samples of agar 
as large an amount as reported here is somewhat surprising and emphasizes 
again the necessity of regarding agar as far more than a convenient means 
of solidifying a liquid medium. 

Although the favorable effect of agar on the growth of F. avenciceimi 
can be ascribed primarily to its biotin content our observations show that 
Difco agar is more effective than can be accounted for by its biotin content. 
It seems probable that this is due to the presence in agar of unidentified 
growth substances, since the addition of a readily available source of organic 
nitrogen (asparagine) or of mineral supplements to purified agar containing 
biotin did not improve the growth of Fiisarium. One of the authors (16) 
has reported unidentified growth substances in agar wdiich affect the devel- 
opment of PhycomyceSy and these may be responsible also for that portion 
of the effect of agar on Fusarmm which cannot be accounted for by the biotin 
in the agar. 

SUMMARY 

A strain of F, avenaceiim did not grow in a mineral-sugar solution but 
grew in the same solution solidified with agar. The beneficial effect of the 
agar was primarily due to its biotin content. Some samples of agar were 
found to contain as much as 0.1 microgram of biotin per gram. The strain 
of F. avenacetim studied was favorably affected by 0.001 microgram of pure 
biotin methyl-ester, but greater effects were obtained with larger amounts 
of biotin. Extraction of agar with aqueous pyridine removed all or almost 
all of the biotin. Agar extract had a greater beneficial effect than could be 
accounted for by its biotin content. This may be the result of unidentified 
growth substances Avhich are probably not pyridoxine, pantothenic acid, 
thiamin, nicotinamide, i3ara-aminqbenzoie acid, pimelic acid, i-iiiositol, ribo- 
flavine, glutamine, vitamin Ki, or ascorbic acid. Mutations which grew on a 
biotin-deficient medium were observed. 
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Department OP Botany, Columbia University 
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RED-BLOTCH OF HIPPEASTRUM 
Thomas Laskaris and B. 0. Dodge 
(with five figures)^ 

As a rule species of are rarely alfeeted by aii^^ serious 

fungous disease. In March, 1941, Mr. E. Delafield of Riverdale-oii-the-Hiid- 
son called our attention to a disease which was causing extensive damage to 
his collection of Ilippeastrnm (spring-flowering amaryllis). The plants, 
grown from bulbs purchased from Florida, showed various stages of a dis- 
ease which affected the flower scapes, leaves, and bulb scales. A few weeks 
later similar symptoms were noted in a shipment of Hippeastruni obtained 
from Florida and grown at the New York Botanical Garden, Microscopic 
examination of diseased tissue revealed the presence of brown pycnidia of 
a fungus identified as Stagonospora curfL-n, which was also readily obtained 
in pure culture from plantings of sterilized diseased tissue. The spores of 
this species are classed under the hyaloplyagmae, but one- and two-celled 
spores are often very common. 

In this country Stagonospora curiisU has been described as a rather mild 
pathogen of amaryllis, forming conspicuous but rather small bright red 
spots which blemish and occasionally deform the leaves, scapes, and flowers 
of otherwise perfect plants. Leaf scorch, an important disease of Narcissus^ 
is also caused by S. curtisih 

We were unable to find a description of a severe form of this disease on 
Hippeasirimt such as has come under our observation. The symptoms which 
characterized the disease were the severe stunting and distortion of the 
flower stalks. Affected stalks did not make a normal upright growdh but 
grew at an angle, some almost at a right angle to the main axis of the plants 
(fig. 1). This type of injury was found associated with cankers that had 
developed on only one side of the stalks. The fact that the cankered side of 
the young stalks is unable to grow as rapidly as the uninjured side doubtless 
accounts for the curvature in the affected stalks. A similar curvature of the 
stalk may result from injury at the point of emergence,, a rough red bruise 
which may be confused with the eanker Stagonospora, The young 

flower shoots of Hippeastr urn are very tightly eompressed by the enveloping 
bulb scales, and, as they emerge, sand or other foreign particles caught 
between a stalk and the bulb scales may cause a scouring or roughening of 
the epidermis and the tissue beneath; the resultant unequal growth would 
cause the curvature and stunting shown in figure 5. It is quite probable that 
such injuries provide a favorable point of entry for Stagonospora ciirtisu, 
which may be present on the bulb scales. The fungus can attack the bulb 

1 Publication of the figures was assisted by the Lueien M. Underwood Memorial Fund. 
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scales and probably lives throiigli tiie dormant period by tliis means. Some 
cankers are well developed by tlie time that the ^mung shoot has emerged, 
'wiiicli indicates that the fungus has been at work for a considerable period 
of time. The degree of the curvature of the stalk appears to be closely cor- 
related with the size of the canker. 

The cankers themselves are very striking in appearance. Young cankers 
are bright red or vermillion in color, but as they enlarge and elongate the 
center of the lesion becomes soft, brown and sunken. In still later stages a 
mat of the white or brownish gray myeelium of the cau^sal organism develops 
ill the center, while the borders of the canker retain the pronounced red color 
(fig. 1). Cankers have been observed several inches in length and from one- 
quarter to one-half inch in diameter (fig. 3). Elongated red spots on the 
leaves (fig. 4) and red streaks on the scapes, similar to those usually de- 
scribed as eharacteristic of this disease, were also observed. The flower buds 
borne on cankered stalks may open normally and persist in good condition 
for as long a period as those of healthy plants. 

The pathogenicity of the fungus which was isolated has been established 
by inoenlating amaryllis leaves with its mycelium and spores. Freshly 
wounded and sound leaves were inoculated with mycelium from cultures on 
potato-dextrose agar. Leaves of the control plants were wounded or left 
uiiwoimded, and sterilized agar was placed on the injured as well as on the 
uninjured parts. Bell jars were placed over all the plants and removed after 
48 hours. Within twenty-four hours distinct watersoaked areas were evident 
around the wounds. These spread rapidly, and eventually involved the 
greater part of the leaves. The centers of the lesions became necrotic and 
reddish brown, while the tissues around the necrotic regions were yellowish 
red in color. Similar lesions developed on leaves that were inoculated with- 
out wounding. Three weeks after inoculation the inoculated leaves %vere 
dead and dry, while no disease appeared on the controls. Repetition of these 
experiments with leaves cut from healthy plants and inoculated in moist 
chamhers gave similar .results. 

Plants were also sprayed with a suspension of ground mycelium and 
pycMdia of the fungus. Bell jars were placed over inoculated and uninoeu- 
lated plants and removed after 4 8 hours. Symptoms of infection of the 

Explanation of figures 1-5. 

Pig. 1. Eea blotch canter at the base of a flower stalk which has been stunted and 
bent at right angles. Several small reddish spot infections may be seen on the flower stalk 
above the canker. Pig. 2. Canker at the base of flower stalk artificially infected. Mat of 
mycelium plainly visible on the surface. The stalk was considerably bLt sidewise Pig 
3. Canker on a flower stalk from Mr. Delafield’s colieetion. A mass of myeelium covered 
some of the surface of the canker. Pig. 4. Leaf blotch which induces kinking of the leaf 
at the-ppint of infection. Fig. 5. Bending and stunting of the flower stalk primarily due to 
mechanical injury to the epidermis and underlying tissue of the stalk as it emerges from 
tlfe bulb, ■ p,,".,;' ■ 
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iiioenlated plants appeared in less than a week. Hundreds of minute red 
spots or streaks tlieii developed on the flowers, scape, and leaves. These 
enlarged during the ensuing weeks and disfigured the plants considerably. 
On the controls no symptom of disease appeared during the same period. 

Since large cankers did not develop on any of the plants so inoculated, 
anotlier experinient was made. A young flower shoot that was just emerging 
was injured at its base by scraping the epidermis lightly with a sterile 
scalpel, and a small square of an actively growing agar culture of S. curtmi 
•was placed on the wounded surface. Figure 2 shows the canker that devel- 
oped on this shoot after two weeks. As the canker increased in size, the stalk 
ceased growing in an upright direction and became bent at an angle away 
from the main body of the plant, thus produeing the effect observed on plants 
naturally infected with canker. 

The following genera of the Ainaryllidaceae are known to be susceptible 
to Stagonospora cnrtisii: Amaryllis, Chlidanfhus, Crmuni, Galantkiis, Hippe- 
astrnm, Hymenocallis, Leucojum, Lycoris, Narcissus, PancraMiiin^ Stern- 
bergia^ Sprekelia, Zepliijranihes, and Eiicharis. Smith, ^ who studied the 
host range of this fungus extensively, Avas unable to obtain infection when 
he inoculated species of a number of Liliaceae, including Henierocallis 
uurantiaca, A number of H. fulva seedlings inoculated by us under con- 
ditions favorable to infection failed to become diseased. 

The New York Botanical Garden 
New York 

pc. O. Smith. Inoeiilations of Siagonospora cnrtisii on the Amaryllidaeeae in Cali> 
fornia. Phytopathology 25: 262-267. 1935. 



DESCRIPTIONS OP TROPICAL RUSTS— IV^ 

George B. Cummins 
(with four figures) 

Phakopsora cherimoliae (Lagerh.) Cunmiins, comb. iiov. {TJredo clieri- 
nioliae Jjkgerli., Bull. Soc. Myc. Fr. 11: 215. 1895; Uredo mmilata Ellis & 
Ev., Field Mus. Publ. Bot. 2: 16. 1900; Phijso-pella cherimoliae Artli., Result. 
Sei. Congr. Bot. Vienne 338. 1906.) 

Telia developing in the base of old nredia or usually separately in liypo- 
phyllous, subepidernial, reddish brown crusts 0.1-1 innu in diameter and 3-6 
spores in thickness, the outer layers of spores golden- or light chestnut-brown, 
the basal layers paler; teliospores cubical, oblong or oblong-ellipsoid, 7-13 
X 13-23 jj ; wall 1-2 u thick or slightly thicker apically in the outermost 
spores. 

On Anona cheriniolia, Guatemala: Moran, Feb. 11, 1905, W. A. Keller- 
nuxn 546S, 

This rust is not uncommon, in the uredial stage, in tropical regions of the 
Americas from Florida to Ecuador. 

Angiopsora compressa Mains, Mycologia 26: 129. 1934. {TJredo paspalu 
cola P. Henn., Hedwigia 44: 57. 1905; Uredo stevensiana Arth., Mycologia 
7 : 326. 1915 ; Puccmia compressa Arth, & Holw\ ; Arthur, Proc. Am. Phil. 
Soc. 64: 157. 1925 ; not Puccinia compressa Diet., Ann. Myc. 5: 245. 1907; 
P. paspalicola Manual Rusts U. S. & Canada p. 127. 1934, in part.) 

In a previous paper (Bull. Torrey Club 67 : 607. 1940) this rust was 
recorded for the first time in North America from Guatemala. It was stated 
then that it might have been previously eolleeted but referred to Puccinia 
paspalicoldL (P. Henn.) Arth. (P. iubidosa (Pat. & Gaill.) Arth.). Subse- 
quent examination of the rusts of Paspalum in the Arthur Herbarium 
proved that A. compressa is of common occurrence in tropical regions of 
the Americas but had been confused with various species. The species 
usually occurs in the uredial stage only, but I have seen telial specimens 
from Bolivia, Guatemala, and Puerto Rico. 

As a result of these studies the above synonymy is presented. The known 
hosts and distribution are as follows: Axonopus compressus: Guatemala, 
Louisiana (lI.S.A.)v Puerto Rico; Pasimhim conjiiga Brazil, Cuba, 
Florida (IJ.S.A.), Guatemala, Dominican Republic, Panama, Peru, Puerto 
Rico, Venezuela ; P. decumbens: Venezuela ; P,^ distiehophpllumr Bmzil; 
P. elongatmi: Bolivm; P. fascmdatum: Guatemala; P. Jmmholdtiamim: 
Bolivia, Guatemala, Mexico, Venezuela ; P. pameidxdum:JBvieTtQ Rico, Vene- 
zuela; P.p^toaltd/Rm; Brazil, British Honduras, Cuba, Puerto Rico ; P. 
iraehycaideon: Venezuela; P. t;trga if Bolivia; P. sp. : Guatemala, Texas 
(U.S.A.). 

Hemileia oxyanthi Cummins, sp. nov, Urediis hypophyllis, partes 
minores foliorum dense obtegentibus, pallide flavidis, miniitissimis, per 

1 Contribution from the Department of . Botany,, Purdue University Agricultural 
Exj3eriment Station, Lafayette, Indiana. 

The third article of this series was published in Bull. Torrey Club 67; 607-61^. 1940. 
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stoiiiata emiiipeiitibiis ; iirediosporis in apiee^ liyplianmi faseieulatiiii 
enimpentiiim ortis, obovoicleis, triangularis vel ellipsoideis, 18-23 x 24-29 p ; 
iiieiiibraiiis livaiiiiis vel dilute flavidis, 1.5-2.5 p cr., parte superiore moderate 
aeiileatis, iiiferiore niiiiiiteqiie eeliinulatis vel fere levibus. Teliis adlmc 
ignotis. 

On Oxyantkiis si)eciosus, Uganda: Entebbe Eoad, August 1940, C. G, 
Hansford '~2784. Type speeiinen deposited in the Arthur Herbarium, the 
Herbarium of the Imperial Mycological Institute, and the Myeological 
Colleetions of the Bureau of Plant Industry, United States Department of 
Agriciiltiire. 

The sori usually occur in small, dense, interveinal groups but are 
oeeasionally somewhat more scattered. This specimen \vas made available 
through the courtesy of Dr. John A. Stevenson of the Bureau of Plant 
Industry. 

Puccinia aspiliae-latifoliae Cummins, comb. nov. {Uredo aspiliae-latU 
folkie Cummins, Bull. Torrey Club 68: 47. 1941.) 

Telia not seen; teliospores in the uredia clavate or oblong-ellipsoid, 
rounded above, narro-wed below, moderately constricted at the septum, 16-22 
X (3-4-) 38-52 p; wall 1-1.5 p thick at sides, thickened to 3-5 p at apex, 
yellowish or pale golden, smooth ; pore apical in upper cell, next the septum 
ill the lower cell ; pedicel shorter than the spore, hyaline or yellowish, thin- 
'walled. The teliospores germinate at once. 

On Aspilia latifolia. Sierra Leone : Sefadu, Dee. 6, 1938, F. C. Deighion 
1658, . 

Aside from eharacteristies mentioned in the description {Lc.) of the 
uredia this rust also differs from other species described on Aspilia because 
of narrower teliospores whose apical ivall is only moderately thickened. 

The specimen w^as made available through the courtesy of Dr. G. R. 
Bisby of the Imperial Myeological Institute. 

Puccinia henryae Cummins, sp. nov. (Fig. 1.) Uredia hypoplndla, sparsa, 
rotiiiidata, 0.1-0.3 miu. diam., pulverulenta, obscure cinnamomeo-brunnea ; 
iirediosporae globoideae vel late ellipsoideae, 25-32 x 28-36 p ; membrana 
eimiamomeo-brunnea, 2.5-3 p er., moderate eehinulata; poris germ. 2, 
aequatorialibus. Telia hypophylla, sparsa vel plus minusve aggregata, 
rotimdata, 0.3-0.5 mm. diam., pulvinata, flavida; teliosporae clavatae vel 
oblongo-clavatae, ad apicem rotundatae, deorsum attenuatae, medio leniter 
constrietae, 18-25 x 40-50 p ; membrana 1,5 p cr., ad apicem 5-8 p er., 
flavidula vel fere hyalina, levi; poro superiore apieali, inf eriore juxta 
septum sito; pedieello persistenti, hyalino, sporani aequante. Statim germ. 

On Henrya mb Guatemala*. Laguna (Lake Ainatitlan), Dept. 
Ainatitlan, Jan. 20, 1906, IF. A. Keller maxi 5390, Type deposited in the 
Arthur Herbarium. , 

This appears to be the first rust recorded on the genus Jlenri/a and 
there is no species of Puccinia on other genera of the Aeanthaceae to which 
it can be referred. 

The identity of the host wms recently yerified by E. 0. Leonard of the 
Lb S. 'National Mnseum. 

Puccinia opipara Cummins, sp. nov. (Pig. 2. ) Uredia hyppphylla, sparsa, 
mvoidea,,:' 0.1M).4, mm. Tonga,' flavida p'mrediosporae/ Tate,: hllipsoideae' vel: 
ellipsoideae, 25-31 x 31-40 (—43) p ; membrana 1-1.5 p er., pall ide flavida 
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Fig. 1. Teliospores of Fuccinia henryae, two of wliicli have germinated and collapsed. 
(From type.) xSOO. Fig. 2. Teliospores of Fuccinia opipara. The wall is rather opaque 
and has a peculiar smoky tint. (From type.) xSOO. Fig. S. Photograph of a freehand, 
unstained section of the telia of TJromyees bermudianuSf showing the substoinatal position 
and thin peripheral layer of brownish, peridium-like hjphae. These sori are individual and 
not iocules in a compound teliuni. (Prom type.) %B0Q, Fig. 4. Teliospores of Uromyce^ 
crudcshanksiae. The spores actually are faintly and longitudinally striate. (From type.) 
X 800. 
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vel fere liyalina, moderate eeliiimlata ; poris germ, plus miniisve obsciiris, 
3 vel 4, aequatorialibiis. Telia liTpophylla, sparsa, piilvinata, rotundata 
vel obloiiga, 0.3-0.8 mm. longa, atro-brimiiea ; teliosporae ellipsoideae, 
iitriii(|iie rotiiiidatae vel deorsum leniter atteniiatae, medio non vel vix 
eonstrietae, 23-28 (~31) x 33-44 q; membrana 2-3 q cr., ad apicem 4^1 p, 
obscure castaneo-bnmiiea, levi; poro superiore apicali, inferiore jiixta 
septum sito ; pedieello sporam aequante vel longiore, pallide flavidOj per- 
sistenti. 

On OpUsmenus minarum, Bolivia: Sorata, Apr. 17, 1920, E.W.D. & Mary 
M. Halwaij 541 (type) ; Coroico, Prov. de Nor Yungas, June 14, 1920, E.W.D. 
A 3Iary 31. Holway ex 7S5. Type deposited in tlie Arthur Herbarium. 

The specimen taken as the type was originally reported by Arthur 
(Proe. Am. Phil. Soe. 64: 169. i925) as Fuccmia indUa Arth. but was 
later issued in Eeliquiae Holwayanae no. 82 as Fiiccinia levis (Saec. & 
Bizz.) Magn. The second specimen cited was separated from Holway ’s no. 
735 which Arthur (l.c. p. 176.) reported correctly as F. levis. 

P. opvpara is unlike previously described rusts on Oplimienus. Its 
teliospores have a general resemblance to those of P. mdita but are con- 
siderably darker in color, are more opaque and have a peculiar smoky tint. 
The urediospores of P. indUa are significantly smaller (22-26 x 24-32 q) . 

Uromyces bermudianus Cummins, sp. nov. (Pig. 3.) IJredia culmicola, 
sparsa, ovoidea vel linearibus, 0.4-1.5 nini. longa, bullata, epidermide 
elevata conspieiie, einnamomeo-briinnea ; iirediosporae ellipsoideae vel 
obloiigo-ellipsoideae, 16-20 (-22) x (26-) 28-35 (-37) q; membrana pallide 
einnamoineo- vel aureo-briinnea, minuteque eehinulata; poris germ. 4 vel 5, 
aequatorialibiis. Telia cireum nredia denseque aggregata, subepidermalia, 
indehiseentibiis, rotundata, 40-60 x 55-80 q ; teliosporae oblongae vel 
eylindraeeae, 14-20 x(30-) 35-50 (-55) q; membrana 1 q cr., ad apicem 
2-4 q cr., aureo-brunnea vel ad basim flavidula, levi; pedieello persistenti, 
brevi, 5~10 q longo, brunneolo. 

Ou-Cyperus panieulatus, Bermuda: Paget Marsh, Nov. 28, 1940, F. J. 
Beaver & J. M. Walerston 351. Type deposited in the xVrthur Herbarium and 
the Herbarium of the New York Botanical Garden. 

Uromyces bermudianus is quite unlike any previously described species 
of ' llromyces^ on (Typcrwi? because of the indehiscent, substomatal, minute 
telia. The telia are individual, i.e. not loeules separated by stromatoid 
paraphyses, and have only a thin peripheral layer of browui peridium-like 
cells. Macroseopically, however, they are greyish black and simulate multi- 
lociilate telia because they are so uniformly distributed about the uredia. 
Through confluence the telial spots may become continuous over areas 
several millimeters in length. , 

lYhile there is no similar Cyperus rust there is a morphologically related 
species, U. nmericanus Speg., on Scirpus (see Cummins, Mycologia 27: 611. 
1935). U. amiedcamis 1ms' mmiletT sori but with the teliospores somewhat 
and ' the urediospores much longer. . 

Uromyces cruckshanksiae Cummins & Bonar, sp. nov. (Pig. 4.) Pyenia 
aeqiialiter sparsa, subepidermalia, amphigena, globoidea, 130-"160 q diam , 
paraphysata. Aeeia plerumqiie hypophylla, ubique aequaliter denseque 
olistributa, cupuiata, 2.5-4 mm. ■diam.,'''peridio daeerato' vel ' plus ■ minusve 
reeurvato, cellulis peridii firnie conjunetis, oblougis, euboideis vel poly- 
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liedrieis, 16--25 x 23-36 jj, pariete interiore veiTiieoso 2. 5-3.5 p er., exteriore 
miiiiiteque striato 6-8 q er. ; aeeiosporae globoideae, ellipsoideae vel obioiigae, 
17-22 X 19-27 jj ; membraiia 1-1.5 p cr., miniiteqiie verriieosa. Uredia non 
visa; urediosporae globoideae vel late ellipsoideae, 24r-33 x 29-38 p ; mem- 
braiia 2.5-3. 5 p er., hyalina vel pallide flavida, moderate eeliiiiiilata ; ports 
germ, obsciiris. Telia anipliigeiia, nbique aequaliter deiiseque distribiita, 
piilverulenta, castaneo-bruniiea, rotnndata, 0.2-0.4 mm. diam. vel confliieiiti- 
biis ; teliosporae ellipsoideae, ovoideae vel oblongo-ellipsoideae, 17-23 x 23-30 
(-34) p ; membrana 1.5-2.5 p er., ad apieem 3-6 p cr., obscure eimiamomeo- 
vel eastaiieo-bruiniea, miiiuteque longitudinaliter striata vel siiblevibus; 
pedicello liyalino, brevi, fragili. 

On hustillosi^ Chile: Prov. Coquimbo, Dept. Illapeb 

La Vega Bscondida, three hours by horse east of Cuneumeii, Dec. 20, 1938, 
J. L. Morrison 1696S; on C. 'palma, same locality and date, J. L. Morrison 
16959 (type). Type deposited in the Arthur Herbarium and the Herbarium 
of the University of California. 

Notes made by the collector concerning the effect of this systemic rust 
on C, hustillosi are as follows: ** Perennial herb. 0.1 m. fl. pink bracts; Ivs. 
with rust are erect, the others pi’ostrate ; fis. with larger deeper colored 
bracts ill rust-infected plants.” 

Crucksha'nJi'siay a rubiaeeoiis genus of the Chilean xVndes, has not been 
recorded previously as a host for species of the Uredinales nor have species of 
VroniyceSy with which U. cruckshanksiae can be confused, been described 
on Eubiaeeae. 

IIredo roupalae Cnmm. (Bull. Torrey Club 64: 43. 1937) is sjmonymous 
with TJredo mauriae Syd. and the host is Manria glauca rather than 
Boii’pala iwragiiensis. 

Aecidium archibaccharidis Cummins, sp. nov. Pycnia pleriimque hypo- 
phylla, siibepidermalia, 90-125 p diam., paraphysata. Aeeia hypophylla, in 
maculis flavo-brunneis usque ad 1 cm. diam. aggregata, cupulata, 200-250 p 
diam., margine recurvato ; cellulis peridii firme conjunetis, flavidis, oblongis 
vel oblongo-ellipsoideis, 20-27 x 40-48 p ; pariete interiore moderate ver- 
rueoso 3-4 p cr., exterioi'e striato 3-5 p cr. ; aeeiossporae globoideae,^ 18-23 
X 18-25 p; membrana hyalina vel pallide fiavida 1 p cr., ad apieem 7-13 p, 
laxe verrucosa, verrucis plus minusve deciduis usque ad 2.5 p diam. 

On ArcMhaccharis serratifolia, Guatemala: Mauchen, July 22, 1936, J. 
E. Johnston 79 (type), July 18, 1937, J. B. Johnston 875. Type deposited 
in the Arthur Herbarium and the Herbario de la Escuela Nacional Central 
de Agrieultura, Chimalteiiango Guate^ 

A. arcMhaccharidis is characterized by aeeiospores with the apical wall 
much thickened and by the rather large, sparsely distributed and somewhat 
deciduous warts which form the sculpturing. The only 
similar aeeiospores is A. pachycephalum Diet, but in it the aeeia ^ are 
caulieolous in position and the mycelium is systeniie rather than localized. 

The host was identified by P. G. Standley of the Field Museiim.^ ^ 

Aecidium nairobianum Cummins, sp. noy. Pycnia non visa, verismiiliter 
nulla. Aeeia plerumque hypophylla, ubique aequaliter denseque distribute, 
cupulata, 175-300 p diam., margine lacerato, cellulis peridii firme eoujuixetis, 
hyalinis, globoideis, ellipsoideis vel polyhedrieis, 17-25 x 25-33 p, pariete 
interiore valde verrncoso 3-4 p er, exteriore puiictato-stnato 2.5-3 p er. ; 
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aeeiosporae variabiles late ellipsoicleae, ellipsoideae vel obloiig’ae; 13-22 x 21- 
33 |j ; membraiia 2 p er., iiraiina, verrueulosa. 

On Lippki aspeinfolia, Kenya, Nairobi, June 1934, J. McDonald. Type 
deposited in tlie Artliiir Herbarium and tlie Herbarium of the Imperial 
llyeologieal Institute. 

Aecklkim nairohianuin differs from A. evansii Doidge, which has been 
reported on this host, and from other species on Lippia because of its sys- 
temic habit. 

The specimen was made available through the courtesy of Dr. G. R. Bisby 
of the Imperial Myeological Institute. 

The Arthur Herbarium ■ 

Purdue KNumRSiTY AoRicuLTimAL Experiment Station 



STUDIES IN THE CRASSULACEAE— 11. MEXICAN SEDOIDEAE 
COLLECTED BY E. K. BALLS IN 1938 


Robert T. Clausen 
(with one figure) 

Throug'li the courtesy of Dr. W. R. Maxon and Mr. C. Y. Morton of the 
United States National Herbarium, it has been iny privilege to study a 
small series of Crassulaceae- obtained in east-central Mexico in 1938 by Mr. 
Edward K. Balls. The collections include specimens representing interesting 
variations and range extensions, also one ncAV species of Sechiyn. In the dis- 
cussion, the species are listed alphabetically. 

Sedum dendroibeum Moq et Sesse. Mexico: Ciieva del Negro-Popo, 11200 
ft., April 13, 1938, E.K.B: 4192 (US 1793595). Puebla*. Tesnialaquilla, 
Sierra Negra, Mt. Orizaba, 10600 ft., May 9, 1938, E.K.B. 4470 (US 
179364:9). Tlaxcala: Manantiales de la Concilia, Mt. Malinche, 12400 ft., 
Oct. 15, 1938, E,K.B, 5649 (US 1793885). 

Inclusion of previously little known details coneerning the altitudinal 
distribution of the species, the habitat, and flowering time renders these 
collections interesting and valuable. In the copious notes on the labels, the 
habitat is given variously as on sheer cliffs of volcanic rock in full sun, in 
deep shade, in rocks and steep volcanic screes in shade of cliffs or shrubs, 
and in deep and shaded barrancos, in moist situations, where the steins hang 
down from the cliffs. 

The leaves of these specimens are spathulat e-ell iptieal, blunt at apex 
and spurred at base, to 3.5 cm. long and 1.5 cm. wide. The largest inflorescence 
is 13.5 cm. long and 11 cm. wide. The flowers are yellow. In fruit, the carpels 
are widely spreading. 

The species most closely related to 8. dendroideuni is 8, praealtum. This 
differs in the pseudopetiolate leaves which are thinner, subacute, and yellow- 
green. The leaves of 8. dendroideum are thick and frequently suffused wuth 
red along the margins, 

Sedum moranense H.B.K. Hidalgo: Pena Baron, Parque Naeional de 
Miguel, 11500 ft., Aug. 11, 1938, (US 1793796). Yera Cruz: 

below Las Yigas, Cofre de Perote, 8600 ft., E.K.B, 4752 (US 1793705). 

This species is known to me from various places in central Mexico from 
southern Coahuila to Puebla. There are many eolleetions from Hidalgo, hut 
the specimen cited from Las Yigas is apparently the first from the State of 
Yera Cruz. 

Sedum napiferum Peyritsch. Mexico; Mt. Ixtaecihuatl, 13500 ft., July 
30, 1939, E.K.B, 5178 (US 1793790). 
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This stoiiecrop has previously been collected only in the vicinity of 
Toliiea. On Ixtaccihiiatl the habitat is on rocks and open sandy slopes in 
moist places where water seeps through the ground. The plants are annuals, 
0.5-3 eni. high. The rootstocks are tuberousTiisiforni, to 1.5 cm. long, not 
globose as in S. minimuin which may be only a phase of the same species. 
The fresh flowers are white with red centers, but in the dried condition they 
are mostly yellowish- white, rarely red. 

Sedum obcordatum Clausen, sp. nov. Figure 1. Planta (Sectio Dendro- 
sedum ) glabra, lignosa, caulibus tortuosis, formans tegetes implieatas ad 60 
dm. latas ; folia obcordata, late rotunda, truncata vel emarginata, euneata 
et sessilia, ealcarata, ad 2.8 cm. longa; floris in cymis densis; braeteae 
florales ciiiereo-virides, similes f oliis ; sepalae erectae, lineari-oblongae, 
obtusae, flavae, ad 1.4 cm. longae ; petalae erectae, anguste oblongae-lanceo- 
latae, flavae, ad 1.2 cm. longae. 

Plant glabrous, w^oody, with tortuous stems to 16 cm. or more high, 
forming tangled mats and tufts to 60 dm. across ; leaves alternate, succulent, 
bluish-gray, obcordate, to 2.8 cm. long and 2.3 cm. broad, broadly rounded, 
truncate or emarginate, eimeate aiicl sessile, spurred, mostly crowded to- 
wards the ends of the stems ; inflorescence a dense cyme with large oblong 



Fig. 1. T;)'pe speeimens of Sedum oltcordatum Clausen. Slieet is in the U. S, National 
Herbarinm, no. 1793671. x4/5. 
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to linear-lanceolate gray-green bracts subtended below by the proximate 
foliage leaves; sepals erect, linear-oblong, obtuse, unequal, to 1.4 cm. long, 
yellow; petals erect, narrowly oblong-lanceolate, siibiimeroiiate, to 1.2 cm. 
long, yellow; stamens to 1 cm. long; carpels 9 mm. long, widely spreading 
in fruit ; nectar scales transversely linear, to 1.5 mm. wide and 0.2 miii. long, 
lianging* from crevices in volcanic cliffs, 12500 ft., Cofre de Ferote, State of 
Vera Cruz, May 24, 1938, 4600 (type, US 1793671) . 

This striking plant does not seem referable to any previously described 
species of Crassiilaeeae. Altliougb it is here designated as a ineiiiber of the 
genus Sedmn, it in some respects resembles Pachyphytiim and is thus inter- 
mediate betw^een the two genera. Were a large suite of specimeiits and further 
data available, there might be basis for founding a new genus. The large 
floral bracts and the erect sepals and petals are uiiiisiial in 8 eel urn. Yet the 
sepals and petals are free to the base and the petals are not appendaged as in 
Fackyphyiiim. Until further material and information are available, this 
species seems best placed in the section Dendroseelum of Sedmn, which in- 
cludes a group of species wdiieh are shrubs or subshrubs with yellow flowers 
and broad, fleshy leaves. 

Sedum oxypetalum H.B.K. Federal District: Camiiio de Toluca, 8000 
ft., Feb. 10, 1938, E,K,B. 5590 (US 1793871 ) . 

The habitat is indicated as on edges of a steep barraneo, among shrubs 
and herbage. Although the petals are usually described as purplish red, the 
collector ^s notes give the color as white or pinkish. Sedum conzudiM Rose, with 
pnbernlent stem and white or purple flowers, is close to this species. 

ViLLADiA batesii (Hemsl.) Baehni & Maebride, Federal District: 
Pedregal, 7000 ft., Oct. 4, 1938, EJi.B. 5595 (US 1793872). 

Like Froderstroin (1935), I find that the flowers of this species are larger 
than was indicated by Rose (1905). In the specimen at hand, the corolla is 
5-6 mm. long and the calyx 4-5 mm. The habitat is given as sunny exposures 
in hot crevices in old lava. 

Villadia goldmanii (Rose) Clausen, comb. iiov. {Altamiranoa goldmam 
Rose, Bull. K Y. Bot. Card. 3: 32. 1903). Tlancala: Manantiaies de la 
Concha, Mt. Malinche, 12400 ft., Oct. 15, 1988, F.ALR. 5650 (US 1793886) . 

To be consistent with the ideas expressed in my recent paper (1940), 
we must transfer this species to Yilladia, One of its most striking eharacters 
is the tendency to bear scattered rosettes of leaves on the stems. According to 
the collector's notes, the flowers are pale pink, but Rose described them as 
pale yellow, tinged with red, orange-colored when dry. The collection cited 
is from steep sandy voleanie screes. 
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SUMMARY 

Sednni ohcordatum (Section Denclro seel uni) is a new species from the 
State of Vera Cruz. Yilladia goldmanii is a new name for the plant kiiowm 
until now as Altamiranoa goldmani. Descriptive, habitat and distributional 
notes are provided for Sedum dendroideim, 8. moronense, S. napiferum, 8. 
oxypetalmn and Yilladia hatesii. 

Bailey Hdrtorium 
Cornell University 
Ithaca, New York 
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NORTH AMERICAN RANUNCULI— II' 


Lyman Benson 

8. Ranunculus recurvatus Poir. in Lain. Encye. Metli. 6: 125. 1804; 
Emiunciilus recurvatus var. adpressiinlis Weatherby, Rhodora 31 : 164. 1929. 
Rammculus recurvatus f . laevicamlis Harger ex Weatlierbyj Rliodora 31 : 
164- 1929. Ranunculiis recurvatus var. fontinalis Peattie, Jour. Elisha Mit- 
chell Soc. 44 : 205. 1929. Baniinculus recurvatus f . Hargeri Weatherby ex 
Peattie, Jonr. Elisha Mitchell Soc. 46: 155. 1931^ as syii. (incorrectly ascribed 
to Weatherby). 

AToods and bottom-land thickets at low elevations; Ottawa, Ontario, and 
Minneapolis, Minnesota, and eastward to Newfoundland and southward to 
Oklahoma (Dripping Springs) , Louisiana, and Georgia. Coniferous and 
deciduous forest belts. Late April to June. 

Type collections: (1) B, recurvatus, ''Cette plante croite en Amerique, 
dans les environs de New York ... in herb. Lamarck.^’ (2) Yar. adpres- 
sipilis, ^'YxRGimA: Hungry Hollow, alt. 2200 ft., northeast of Marion, Smyth 
Co., May 24, 1892, Small, type in Grey Herb.’^ This form is remarkable for 
appressed hairs, which are unicellular. (3) P. laevicaulis, "Massachusetts: 
by brook, AATiately, May 17, 1913, Fernald & Harger, Type in hb. N. E. B. C. 
(also a mixed sheet in Herb. Gray). (4) Yar, fontinalis, "Type specimens: 
In a watei*fall, April 9, 1919 (Day). In a waterfall, Melrose Mt., April 3, 
1929 (PT. 068) . Pearson’s Falls, in the water, May 11, 1926 (PT. no. 2188) .” 
Polk County, North Carolina and adjacent South Carolina. (PT. = Peattie.) 

9. Ranunculus Bongarbi Greene, Erythea 3: 54. 1895. Banunculus 
occidentaUs Nutt. var. parvifiorus Torr. Bot. AYilkes Bxped. 17 : 214. 1874. 
Rammculus occiden taUs var. Lyallii A. Gray, Proc. Am. Acad, 21 : 373. 1886. 
Rammculus tenellus Nutt, var, Lyallii Rob. in A. Gray, Syn. FI. N. Am. 1 .* 
33. 1895. Rammculus Greenei Howell, FL N. AY. Am. 1 : 18. 1897. Ranun- 
culus Lyallii Rydb. Mem, N. Y. Bot. Gard. 1 : 166. 1900. Ramincidus Bon- 
gardi Greenei Piper, Contr. XJ. S. Nat. Herb. 11 : 275. 1906. 

Hispid perennials ; stems 2-6 mm. in diameter, hispid with the hairs com- 
monly reddish-brown ; radical leaf blades 3-9 cm. long, 4-14 cm. broad, 
3-parted, the parts lobed and acutely toothed, appressed-hispidulous ; 
petioles densely hispid, the hairs usually reddish-brown; eauline leaves 
similar to and usually smaller than the radical; aehenes 8-20 or 25 in a 
globose-hemispheiical cluster 3-4 mm. long by 4 mm. in diameter, each 
achene obovate, 1.8 mm. long, 1,3-1.5 mm. dorsoventrally, 0.8 mm. laterally, 


1 TRe £rst article in this series, Bull. Torrey Club 68: 157-172. 1941, includes a key 
to the species of the section of the subgenus Buranunculus and discussion of 

the first seven species, Baiiuneulus acris^ Edacriformis, E, repens, E. hulhosus, E. occi- 
Eentalis, E. eaWornieus and E. canm. The present delimitation of subgenera and sec- 
tions was published in an article entitled ‘^The North American subdivisions of Eannn- 
Am. Jour. Bot. 27 (9): 799-807. 1940. 
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siiiootli or with a trace of reticulation, hispid, the achene beak slender but 
broad at the base, 2 iniii. long, recurved, hooked at the tip. 

Shaded and rather moist places 50-1,000 meters or inland up to 2,000 
meters elevation ; Pacific slope from Kodiak, Alaska, to Humboldt County, 
California ; oeeasioiial in the interior as follows : Kootenai District, British 
Columbia ; northeastern and southeastern corners of Washington; Deschutes 
River and northeastern Oregon; Warner Valley, Mohawk Valley, and the 
San Bernardino Mountains, California ; Idaho, western Montana, and 
iiorthwestern Wyoming; North Park, Colorado. Northwestern coniferous 
and yellow pine forests. Late April to July. 

The form occasional in the Rocky Mountains and in the Blue Mountains 
of Washington and Oregon and the Wallowa Mountains of Oregon has hair 
aroiiiul only the margin of the aeliene, and it is perhaps more closely allied 
to Ranunculus Bongardi var. tenellus. 

Type coUeetions: (1) Var. pandflorus, 'TIains between Puget Sound 
and the Cascade Mountains.'’ Wilkes ExpedMion. (2) Var. Lyallii, ''LyalPs 
specimens are from Pend Clreille River, in Idaho.” (3) E. Bongardi^ 
“Ranunculus Bongardi. B. recurvaius. Bong. Veg. Siteh mainly, not of 
Poiret.” (4) R. Greenei. rjccidentalis var. Lyallii Gray, Proc. Am. Acad, 
xxi, 373. . . . Goinmon in open Fir forest, Oregon to British Columbia.” 
Since no specimen is mentioned, R. Greenei is considered to have been pro- 
posed as a new name for Gray’s var. Lyalin and to be based upon the same 
type. 

8ignifica/nt specimens: ef. L. Benson, Am. Jour. Bot. 23: 30-31. 1936. 

9 A. Ranunculus Bongardi var. tenellus (Nutt.) Greene, Erythea 3: 
54, 1 Ap 1895. Ramincidms tenellus Nutt, in Torr. & Gray, PL N. Am. 1: 
23. 1838, not Viviani in 1831. Rammcidus Nelsonii (DC.) A. Gray, var. 
tenellus A. Gray, Proc. Am. Acad. 8: 374. 1872. Rmitmcnhis occidentalis 
Nutt. var. tenellus A. Gra.y, Proc. Am. Acad. 21: 373. 1886. Ranunculus 
Nelsonii glalriusculus Hoizinger, Contr. U. S. Nat. Herb. 3 : 210. 23 N 1895. 
Rauwtmidies Howell, PL N. W. Am. 1 : 18. March, 1897. Ranun- 

culus arcuatus Heller, Bull. Torrey Club 24; 319. 29 Je 1897. Rammcidus 
Bongardi var, Douglasii Davis, Minn. Bot. Studies 2 : 479. 1900. 

Sparsely hirsute or glabrous tei^restrial annuals or sometimes perhaps 
perennials; stems 2-4 or 5 mm. in diameter, glabrous or somewhat hirsute 
with soft white hairs; radical leaf blades 2-5 or rarely 7,5 cm. long, 2-7 or 
rarely 13 cm. broad, 3-part ed and the parts lobed, the ultimate lobes obtuse 
or sometimes acute, glabrous ; petioles glabrous or somewhat hii’sute; cauline 
leaves usually larger than the radical ; achenes 5 or 12-30 in a globose-ovoid 
or hemispherical cluster 4-5 mm. long by 4-5 mm. in diameter, each achene 
discoid, obovate, or elliptic, 2-2.5 mm. long, 1.7-1.9 mm. dorsoventrally: 0.8 
mm. laterally, smooth or minutely reticulate, glabrous, the achene beak 1-1.5 
mm. long, 0.3-0.5 mm. broad at the base, recurved and hooked at the tip. 

Moist shaded ground at 50—1,000 meters elevation near the coast and up 
to 2,100 meters in the interior; southern coastal Alaska; Vancouver Island, 



1941] 


BENSON: RANUNCULUS 


479 


British Columbia; Pugut Sound region; western Oregon to Humboldt 
County and the Sierra Nevada and San Bernardino Mountains, California ; 
most eominon in the mountainous parts of the Great Basin in eastern AVash- 
ington, Oregon, and California and in Idaho and western Montana; Yellow- 
stone National Park and the Bighorn Mountains, AVyoming. On the Pacific 
slope the plant is localized mostly where rivers cut through the Cascade 
Mountains from the Great Basin. Northwestern coniferous and (mostly) 
yellow pine forest. May to July. 

At Snoqualmie Palis, AYashington on May 4, 1929, this species was found 
to be in flower and ^mung fruit (L. Benson 1228, 1229, 1230) while E. Bon- 
gardh growing with it was not yet in flower (X. Benson 1231). AYhere the 
species and variety grow together, the characters of B. Bongardi and var. 
fenellus occur sometimes in various recombinations. However, the mostly 
coastal R. Bongardi and the largely interior var. teiiellus are significantly 
different in several characters, and, despite intergradation, some might 
maintain them as separate species. The presence or absence of hair on the 
fruit has been adopted as an aihitrary criterion for segregating intermediate 
plants having characters of both the typical species and the variety. 

Type collections: (1) R. ienellus, Shady woods of the Oregon [Colum- 
bia] andAYahlamet [AYillamette] Kivers, (2) R. Nelsonii glahrius- 

cnlns, ^^R. nelsonii tenellus Gray, Proe. Ainer. Acad, viii, 374 (1872) ; R. 
ienellus Nutt. ; Torr. & Gray PI. i, 23. (1838), not Viviani. . . . Rich bottoms 
near Lapwai Agency, Nez Perces County, Idaho; May 5 (No. 126). Also on 
Clearwater River near mouth of Big Potlatch River and in the valley of the 
Little Potlatch.’’ Apparently the name is merely a new one for E. Nelsonii 
var. ienellus, and none of the three collections listed (made by el. H. Sand- 
berg and assistants in 1892) is intended as a type. (3) E. Douglasii, ^^R 
ienellus Nutt. T, <6 G. FI, i. 23. noi Viviani. . . . Common in moist places and 
river bottoms, California to Brit. Columbia.” Since no specimen is men- 
tioned, B. Do'uglasii is believed to have been proposed as a new name for 
R, ieneUtis Nutt niid to be based upon the same type. (4) R. areuaius. Nomen 
novum for R. tenellus Nutt. 

Significant specimens : ei. L. Benson, Am. Jour. Bot. 23: 31. 1936. 

9B. Ranunculus Bongarwi var. Earlei (Greene) L. Benson, comb. nov. 
Ranunculus Earlei Greene, Pittonia 4: 15. 1899. 

Perennial ; basal leaves larger than the eauline, or only the bracts present, 
pilose with hairs l-l.S mm, long ; petals obovate, 3.5-7 mm. long by 2-3 mm. 
broad ; aehenes 15-40 in a subglobose or ovoid head, each 3 mm. long, the 
beak 1 mm. long, 0.5-0.7 mm. broad at the base ; receptacle in fr^^^ mm. 
long, ovoid ; otherwise like var. tenellus: 

Along streams at 2,250-2,550 meters elevation; near Mt. Hesperus and 
Mancos and in Delta and San Miguel Counties, Colorado. Yellow pine forest. 
June. 

Related B acrif ormis A, Gray. 
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Type colleetmi: tlie Mancos Elver and otlier streams, June 22, 

and 28, Baker, Earle, and Traev (38, 39, 187).” Baker, Earle, & Tracy 38, 
collected along ‘^:\Ianeos Elver Bottoms, 7,000 ft.” is designated as a lecto- 
TYPE. It is HGr. 2565. 

Slrpiifica'nt specinie'HS : Colorado: Mancos Elver, Baker, Earle, <f; Tracy 
38, HGr, B, US, NY ; 39, HGr, B, NY ; Bob Creek, West La Plata Moiiiitaiiis, 
west of Mt. Hesperus, Baker, Earle, & Tracy 187, PIGr, NY, GH; Leroiix 
Creek, Delta County, Cowen 29 in 1892, NY ; UincompahgTe Plateau, West 
Pork of Dry Creek, ^ Tklesirom 1556, US ; Trout Lake, San Miguel County, 
Pay son A Pay son 4148, GH. 

10. Kanunciilus ;Macounii Britt. Trans. N. Y. Acad. Sei. 12 : 3. 1892. 
Ranunculus Jiispidus Mieiix. var. oreganus A. Gray, Proc. Am. Acad. 21: 
376. 1886. Ranunculus oreganus HoAvell, PI. N. W. Am. 1: 19. 1897. Ba- 
nunculus Maeounii var. oreganus Davis, Minn. Bot. Studies 2: 469. 1900. 
Rmiufwulus ruclis Greene, Ottawa Nat. 16 : 33 . 1902. Ranunculus oregamis 
Maeounii Piper, Coiitr. U. S. Nat. Herb. 11: 276. 1906. Eaminculus rivu- 
laris Eydb. Bull. Torrey Club 39 : 319. 1912. 

Muddy ground of marsbes, lake and stream borders, and ditches from 
sea level on the north coast to 2,400 meters elevation in the Eocky Mountains ; 
Siberia; Alaska to Labrador (Lake Melville) and Newfoundland and south- 
ward to California (Goose Lake), eastern Arizona, montane New Mexico, 
Iowa, and Michigan (Isle Eoyle). Late May to August. 

A geogTaphically isolated glabrous form (var. oreganus) occurs at Pull- 
man, Washington, along the lower Columbia Eiver, and in Alaska and 
Siberia. In the northern part of the range of R. Macoumi adventitious root- 
ing is not found or is at least iincoinmon. Rydberg, loc. cit., has proposed 
segregation of the rooting form as a separate species. This certainly is not 
justified, although it is possible that the plant might be recognized as a 
variety. x\s far as it is possible to judge from herbarium sheets, the non- 
rooting form oeeiirs mostly from Washington to Colorado and northward 
and the rooting form occurs in those states and southward. However, adven- 
titious roots occur on even some plants from Newfoundland. Herbarium 
specimens are inadequate for a dear segregation of the two forms, and otlier 
eharacteristics do not seem to be clearly associated with rooting and non- 
rooting. Much of the southwestern material is perennial, and many of the 
erect plants from especially the northeim part of the range are apparently 
aiiniiaL One specimen with flowers and young fruit (Round Lake, Mackenzie 
Basin, northeastern Alberta, jRai/p 2361, NY.) shows the pair of cotyledons 
still attached to the diminutive plant in anthesis. A larger plant {Raup 
2360, NY.) from Lake Mamawi, Mackenzie Basin is almost undoubtedly 
amiiial also, but of normal size, and a normal-sized duplicate of 
iS'in fhe' Gray Herbariumu 

' The plant keyed': out 'near is S. 'M.dRaup' '2367^ 

from a slough margin at Wood Buffalo Park, Mackenzie Basin. This plaiit 
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and some otlier specimens from the vicinity may be confused with B, recur- 
vat us and R, Bongardi, but apparently they are reduced forms of R. 
Macou/nii. 

Type collections: (1.) Var. oregmins^ upon ^^B. nitidus, in part. 

Hook. PL i. 20 — Shady and wet gTOunds, Oregon, on the Columbia, to Fraser 
Eiver. ’’ According to Hooker, L c., ^‘Abundant on the lower fertile plains of 
the Columbia, where it attains a height of to 2-1- feet, extending into the 
mountain valleys, where it is of humbler growth. Douglas/^ (2.) E. MacoimUy 
based upon R. hispidus Hook. PL Bor. Amer. 1 : 19. 1829, not Michx. in 1803. 

Banks of rivers from Canada to near the mouth of the Mackenzie River 
lat. 67*^; and from the shores of Hudson’s Bay to the Pacific. Hr. Richard- 
son. Brummoiid. Scouler. Douglasd^ (3.) R. rndis, Discovered in a wet 
meadow in Devil’s Garden, northern California, (Plumas or Lassen County) 
June, 1895, by Mrs. R. M. Atcstin.” The type is HGr. 2796-7. (4.) R. rimc- 
laris, ''Nevada: Huntington Valley, August, 1868, 8. Watson 27 (type, in 
herb. Columbia University).” New York Botanical Garden. 

11. Ranunculus pensylvanicus L. f. Suppl. 272. 1781. 

Wet ground of woods, meadows, and bottom lands at low or moderate 
elevations; China; Juneau, Alaska to Puget Sound, Yakima, and north- 
eastern Washington and eastward across Canada and the two northernmost 
tiers of states to Newfoundland and New Jersey; occasional southward in 
the Rocky Mountains as far as northeastern Arizona and New Mexico (Rio 
Arriba County and the Datil Mountains). 

The plants from Arizona and New Mexico have shorter fruiting recep- 
tacles and so also have specimens from Itasca Park, Minnesota {Mayer 318^ 
NY). 

Type collection: ^^MaMtat 

Significant specinu^ Alaska-. Juneau, Anderson 461, NY. Washing- 
ton: cf. L. Benson, Am. Jour. Bot. 23: 32. 1936. Montana: East Gallatin 
swamps, Rydberg 478, NY; Big Pork, B. T. BiMer 7002, NY; 7010, NY; 
Columbia Palis, R. S. Williams in 1892, NY. Idaho; Palks Store, Canyon 
County, Machride 316, NY; Rathdrum, Kootenai County, Sandberg, Mac- 
Dougal, and Heller 732, NY. Arizona: Ryan Ranch, Bast Pork of White 
River, Harrison 4868, Sac. 

For the spelling of the specific name, cf. Pern. Rhodora 42 : 94-5. 1940. 

12. Ranunoulus maoranthus Seheele, Linnaea 21 : 585. 1848. Banun-:, 

ctdus repens h. Ym:. macranthus A. Greij, Bost. Jour, Nat. Hist 6: 141. 
1845. ■ ■ : ■ 

Moist meadows at about 2,000 meters elevation in Eastern Arizona from 
Navajo County to the Santa Rita and Huachuca Mountains and at lower 
elevations in Western and Southern Texas ; Mexico. Yellow pine and south- 
ern hardw'oods forests; Gulf grassland. June and July in Arizona and 
' March and April in Texas. 

Type eoUeoMon : "Prope Neubraunfels leg. Romer. Aprili.” Texas. 
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13 . Ranunculus orthorhynchus Hook. FL Bor. Amer. 1: 21. pL 9, 
1829 . Raminculus Walp. Rep. 1: 43, 1842, error in spell- 

mg. Rmivnc-ulus orihorkijnchus ''form’' steiiopliyllus A. Gray, Proe. Am. 
Aead. 21 : 377. 1886. 

Stems 1.5-5 dm. long* and 1.5-3 or 4 mm. in diameter, fistulous, liirsute, 
the hairs ascending and tending to be appressed ; radical leaf blades pinnate 
with 3-7 leaflets, the leaflets alternate or opposite, again twice-forked or 
-lobed, the divisions all (typically) linear or else ciineate, ultimate lobes 
acute, appressed-piibescent or nearly glabrous; petioles 3-12 cm. long; 
sepals 5, greeiiish-yellow, pilose dorsally; petals yellow or (in the North- 
west) often red dorsally, 8- or 10-19 mm. long, 4-7 mm. broad; achenes 
12-20, each aeheiie elliptic, 3 mm. long, 2.3 mm. dorsoveiitrally, 0.5 mm. 
laterally, margin prominently bevelled and slightly keeled, the aehene beak 
slender, about 4 mm. long, straight; receptacle nearly cylindrical, 1-2 mm. 
long in flower and 2-3 mm. long in fruit, hispidulous. 

Meadowland at low elevations along the northwest coast and at 1,500- 
2,0(X) meters elevation southward; Pacific slope from Vancouver Island to 
western Oregon ; Goose Lake, middle north Coast Ranges, and central Sierra 
Nevada, California; one fragment from YelloAvstone National Park. North- 
ivestern coniferous and yellow pine forests. May and June. 

AVhere Ranunculus orikorlixjnc^ crosses the range of var. platyphyllus 
in southwestern Oregon and adjacent California, intergrades are abundant. 
The Sierra Nevada plants are also intermediates, and their assignment to 
B. ortJiorhynchus m rather arbitrary. 

Type eollections: (1) R. ortliorhyncMis, "Not nnfreqnent on the low 
points of land near rivers, in North-West America. Douglas/^ (2) "Form” 
stenophyllusy "The typical form of R. orthorhynchus, stenophyllus, has 
ail the leaves somewhat bipinnately dissected into segments a line or less in 
width, or some radical ones simply divided into euneate or ob ovate 2-3-lobed 
or toothed segments or leaflets.” The type must be identical with that of 
R. orthorhynchus. Gra.y cited no specimens or localities for the "form.” 

13A. Ranunculus orthorhynchus var. platypiiyllus A. Gray, Proc, 
Am. Acad. 21: 377. 1886. Bammculus maximus Greene, Bull. Torrey Club 
14: 118. 1887. Ranimcmliis orthorhynck^^ var. max/mms Jepson. FI. W. 
Mid. Calif. 200. 1901. Raminculus politus Greene, Pittonia 5: 196. 1903. 
Rmiunctilus platyphylhis A. Nels, Bot. Gaz. 42: 52. 1906. Ranunculus 
platy'phyllus Piper, <3ontr. U. S. Nat. Herb. 11 : 276. 1906. 

Stems 6-12 din. long, often 7-9 mm. in diameter, hirsute, sometimes 
rather densely so ; basal leaves pinnate with 5-7 leaflets ; sepals hirsute dor- 
sally; petals broader and shorter than in the typical species, rarely red dor- 
sally (southern Oregon) ; achenes 20-35, aehene beak 2. 5-3.5 mm.'^ long and 
less rigid than in the typical species, sometimes very nearly hooked at the 
apex ; receptacle elongated from 2^3 mm. long in anthesis to 5-9 mm. long 
(and expand'ed'fo':2-3,:mm. inRiameter). 'in fruit. . 

MeadoAVs from sea level on the coast to 2,200 meters elevation in the 
interior; California' along the .coast -from ''Del; Norte . County to .Berkeley; 
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upper Sacramento Valley and at Stockton; mountains of the Great Basin 
from the southern edge of British Columbia to eastern Oregon, Nevada 
(Gold Creek), Utah (Wasatch and Uintah Mountains), Wyoming (West 
De Lacy Creek and Teton Pass), and Glacier National Park, Montana (San 
Marias Pass, Somss 90). Northwestern coniferous and western pine forests 
and Pacific grassland. June and July. 

Apparently originally introduced into California by the Klamath Biver, 
which intersects the range of Rammeulus ortkorhynchiis. Where the ranges 
of the species and variety overlap, hybridization is frequent, and segregation 
is difficult. 

Type eoUeciions-: (1) Var. plaiypliyllus, macrantJmSy Watson, Bot. 
King Exped. and Bot. Calif., not Scheele. — In wet places, Wahsatch Moun- 
tains and Idaho to E. Oregon, and California, south to Marin Co,’' The fol- 
lowing is quoted from Watson, Kept. U, S. Geol. Bxpl. 40th. Par. 5: 9. 1871, 

' hKANUNCULUs macranthus, Scheele. . . . Texas, California, (4,729 Bolan- 
der), and Oregon, (Lyall.) Streambanks in the Wahsatch and Uintas; 
5-8,000 feet altitude; June, July. (28).’’ The specimen in the Gray Her- 
barium from the Wasatch Mountains, S. Watson 28^. collected in 1869, is 
designated as a leetotype. (2) R. maxinms. mmrantlius, Brew. & Wats., 
Bot. Cal. i, 8, not of Scheele; E. orthorhynchiis^ var. platyphylhis^ Gray, 
Proc. Am. Acad. xxi. 377, as to the Californian plant at least.” Brewer and 
W'atson refer the reader to ^AVatson, Bot. King 9,” and they state further, 
Moist soils from Oregon to Nevada and Texas. In this state [California] 
near the coast.” The reference to E. ortJiorhyncJms platyp^J^^^ 
eludes specifically only the “Californian plant.” Since both var. platy- 
phyllus and R. niacranihus of the Botany of California were based upon 
Watson’s previous publication (Kept. U. S. Geol. Expl. 40th. Par. 5: 9* 
1871, as cited above), the single California specimen mentioned there is 
designated as a leetotype. It is Bolander 4729 from Long Valley Mendocino 
County. LECTOTYPE in the Gray Herbarium. 

13B. Ranunculus orthorhynchus var, Hallii Jepson, El. Calif. 1: 542. 
1922. ■ _ 

Hair of stems and petioles spreading; leaf divisions often as broad as 
long, shallowly and obtusely lobed; aehenes 4-17, usually few, the marginal 
keel of each more distinctly carried into the beak than in the typieal species; 
otherwise like the typical species. 

Mountain meadows at about 2,000 meters elevation ; Sierra Nevada from 
yosemite National Park to Fresno County, California, l^ellow pine forest. 
June and July. 

Type collection: Kidge, Fresno Co., Hall and Chandler 236 

(type).” 

Significant spcomiens: cf. L. Benson, Am. eJour. Bot. 23: 31-32. 1936. 

13C. Ranunculus orthorhynchus var. alaschensis L. Benson var. nov. 

Stems 6-7 dm. long, 2-4 mm. in diameter, markedly fistulous, glabrous; 
basal leaves with 3 or 5 leaflets, the terminal leaflet 3-lobed and the lobes 
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as*aiii iiotciied, tlie lateral leaflets opposite or nearly so, ciiiieate to obdeltoid, 
15-30 mni. long, of 13-30 mm. maximum breadth, the ultimate lobes rounded 
and the sinuses acute, petioles 15-20 cm. long ; eanline leaves more dissected 
tliaii ill the typical species and with acute ultimate lobes ; sepals glabrous, 
tinned with purple ; petals 5, yellow on both sides, obovate, 11-12 mm. long, 
6 mm. broad ; achenes 10-20, the achene body 4 mm. long, 3 mm. broad, the 
margins not markedly beveled or keeled, the beak straight or a little curved 
at the tip, 3 mm. long ; receptacle but slightly enlarged in fruit, hirsute. 

Herba terrestris peremiis glabra; eaulibus 6-7 dm. longis, 2-4 mm. 
diainetro, glabris ; foliis 3-5-foliolatis, f oliolis cuneatis vel obdeltoideis, tri- 
dentatis, 30 mm. longis, 13-30 mm. latis ; petiolis 15-20 cm. longis ; sepalis 
glabris; petalis 5, luteis, obovatis, 11-12 mm. longis, 6 mm. latis ; aeheniis 
10-20, obovatis, 4 mm. longis, 3 mm. latis ; rostro filiformi, 3 mm. longo. 

Moist ground at low elevations; Yes Bay and Anan Creek, south coast of 
Alaska. Northwestern coniferous forest. July. 

Type colleetion: Shores of Yes Bay, Alaska, July 20, 1895, Thos. Howell^ 
HoivelTs Pacific Coast Plants No. 1608. type in the New York Botanical 
Garden. 

Signifieunt speermens: Alaska: Yes Bay, Howell 1603 ^ NY, HGr; Gor- 
man 61, NY ; Anan Creek, mainland, Walker 761, NY, GH. 

14. Ranunculus Bloomeri S. AYats. Bot. Calif. 2: 426. 1880. 

A^ery wet and heavy soil of meadows, sloughs, and ditches; Mendocino 
and Lake Counties to Santa Clara County, California. Oak woodland, March 
to early Alay. 

Intergrades with Bammculus orthorhynchiis var. platyphyllus occur 
abundantly in western Lake County and northeastern Sonoma County. 

Type collection : ‘Mn wet grounds near San Francisco, Dr. J. G. Bloomer. 
The speeiniens are imperfect and not yet in fruit, but indicate a very distinct 
species.” 

15. Ranunculus carolinianus DC. Syst. 1: 292. 1818. 

Swampy ground at Ioav elevations near the coast; Alabama to North 
Oaroliiia and Florida. River bottom forest. March to May. 

Type collection: ‘^Hab. in Carolina inferiore. Bosc.^’ 

This species has been knoAvn as R. palmatus Ell. ; cf. Fern. Rliodora 41: 
543-4. im 

Table 2 contrasts Banimcuhis carolinianus with its eastern relatives, R. 
'Mspklus 'm.dL B. septentrionalis: 

M. Ranunculus septentrionalis Poir. in Lam. Encyc. Meth. 6: 125. 
1804. Baminculm l/ucidus Poir. in Lam. Encyc. Meth. 6: 113. 1804 ( t). 
Bammmdm tomentosusHoiT. in Lam.' E'neye. Meth.';6:'127; 1804^ not' Moench 
in 1794, BanuncMkes' Belvisn DG:-'Syst:l :;'291..;'18T8.. '' ■Ban%ncta%S' ntiidus 
MuM. Cat. Ed. 2. 56.. 1818, not AYait. in .1'78'87 , Banunculus/mfermcdk^ E.at. 
Man. Bot. Ed. 3, 424. 1822, not Poir.' in 1804., . HanunculnsH'Chlectendalii 
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TABLE 2 



i?. caroUnianus 

B. Mspidus 

B, septent7'ionalis 

Petal breadth 

2-3 or rarely 4 inm. 

4-7 or rarely 3 or 
11 cm. 

4-8 or 13 cm. 

Sepal liabit 

Beflexed 

Spreading 

Usually spreading 

Comparative length i 

Half 

Half 

T'wo-thirds to three- 

of sepals to petals 



fourths 

Achene number ' 

7-15 

12-30 

15-30 

Stolonif erous 

Barely 

Never 

Prequently (if not 
always) after flower- 

Stem diameter 

0. 7-1.5 or 2 cm. 

1.5-2. 5 cm. 

ing 

1.5 or 2-8 cm. 

Stamen number 
(approximation) 

20-40 

40-60 

40-75 

Length of fruiting 
receptacle 

2-3 mm. 

4-8 mm. 

4—8.5 inm. 


Hook. FL Bor. Anier. 1: 21. 1829. Eanuncuhis sepientrioyialis var. nitidus 
Chapm. FI. S. IT. S. Ed. 2, Suppl. 675. 1892. Bammculus oct opetalus Greeiie^ 
Ottawa Nat. 16: 33. 1902. Ranunetdus caricetoruni Greene, Pittonia 5: 
194. 1903. RammcidtiS sicaefo7'mis Mack & Bush apiid Mack., Torreya 6: 
123. 1906. Ramiwidus sicaefolius Mack. & Bush ex Rydb. FI. Prairies & 
Plains of Central No. Amer. 342. 1932, nomen midum^ apparently intended 
for R. sicaeformis. Ramincidns septentrionalis var. caricetorum Fern. Rho- 
doraSS: 177. 1936. 

Subglabrous to densely hispid; stems erect and 2-6 dm. high or (in sum- 
mer) at least sometimes stolonif erous ; radical leaf blades compound or occa- 
sionally simple and 3-lobed, broadly ovate-cordate in outline, 3-14 cm, long, 
5-20 cm. broad, the leaflets 3-lobed, -cleft, or -parted and again toothed or 
lobed, the blade proximally truncate or cordate and distally angular, sub- 
glabrous to appressed-hispidulose ; sepals spreading or (in some Middle- 
Western plants) refiexed; achenes about 15-30, each achene obovate, 3-3.5 
mm. long, 2-2.5 mm. dorso-ventrally, 0,7 mm. laterally, the achene beak 
stout at the base, slender above, 2-3 mm. long, straight ; receptacle 4r-8.5 mm. 
long in fruit. 

Marshy ground at mostly low elevations; Eastern South Dakota and 
Nebraska to James Bay and to Battle Harbor, Labrador and southward to 
Missouri, Kentucky {Short in 1840, N.Y.), West Virginia, and the Virginia 
Coastal Plain; Pulton, Arkansas and Austin, Texas. April to early June 
(July or August northward) . 

Reported by Pernald (Rhodora 22 : 31. 1920) to produce long stolons 
very soon after the beginning of flowering. The writer has collected this 
species only once (in Pennsylvania in June, 1935), and in this ease field 
observation revealed an abundance of stolons. Most herbarium specimens 
do not show stolons. The densely retrorsely-hispid form, occurring here and 
there in the Middle West and at Cumberland, Maryland {Shriver in 1894, 
NY) is var. caricetorum (Greene) Pern. 
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Type^ collectwns: (1) E, septentrmialis, '‘Cette plaiite croit dans 
FxVmeriqiie septeiitrioiiale ... in lierb. Lamarck.’^ (2) R. lucidiis^ "Cette 
plaiite est eiiltivee an Jardin des Plantes de Paris. On sonpeonne orig-inaire 
dll Levant.'' (3) B. fome^itosus, "Cette plante a ete recneillie par M. Bose 
dans la Haiite-Caroline." (4) B. Belvisil, "Hab. in America boreali. Pal de 
Beauvoisd' (5) B. ndidus, "Car." Carolina. T3"pe in tlie lierbariiiiii of 
I^Iiihleiiberg. (6) intermedins, "Found on the banks of the Hudson near 
Albaiw, hy Mr. J. G. Tracy." (7) R. ScJilectendaUi, "E. fascicularis, 
BeJilect^ Aniimadv. Sect, 2, p.^30. t. 2. . . . Eastern declivity of the Rocky 
Mountains, between lat. 52° and 55°, in rich soils: plentiful. Drummond . — 
This plant agrees in every particular, as far as I can judge without fruit, 
with the description and figure above quoted of SchlectendaPs B. fascicu-- 
laris, except that his figure represents a slenderer plant, and one of the leaves 
has the middle lobe petioled, and the cal3’'x refiexed. ..." Asa Gray, Proc. 
xVni. Acad. 21: 372-3, 376. 1886, designated Schlectendal ’s specimen as a 
LECTOTYPE for B, SchleetendalH. (8) B. octopetalus, "Knox Co., Tennessee, 
10 June, 1893, T. H. Kearney." The type specimen is PIGr. 2739, and the 
specimen from niarshes near Fountain City, Kearney, June 10, 1893, HGr. 
2738, is probably part of the same collection. (9) R. cariceiorum, "The 
above diagnosis is from material of 1113^ own gathering in southern Wisconsin 
in 1888, and in southern Michigan in 1902." The specimen from Dodgeville, 
AAusconsin, collected b}" Greene eJune 20, 1898, is designated as a lectot^-pe. 
It is EGr. 2559-60-61. (10) B. sicaeformis, "Collected by mjLself (no. 95) 
at Buckner, Jackson Count^L Missouri, on Ma^^ 30, 1898 . . . in my her- 
barium," K. K. Maehemie. The type is now^ in the New York Botanical 
Garden. 


Table 3 contrasts Baminmlus septentrionalis wdth its Pacific Coast and 
Rocky Mountain relatives : 

TABLE 3 



B. septentrionalis 

1 B. orthorhynclius 

B. Bloomeri 

Stem habit 

Stoloiiiferous or 
often so 

Never rooting 

Never rooting 

Radical leaf leaflet No. 

1-3 

3-7 

3-5 ' 

Sepal habit 

Spreading or rarely 
reflexed 

Reflexed 

Reflexed 

Comparative length of 

Two-thirds or three- 

One-third or one- 

One-half or two- 

sepals to petals 

qnarters 

half 

thirds 

Riibeseence 

Usually siibglabrous 
but oeeasionalb 

hispid 

Hispid 

Subglabroiis 


16A. Eanunculus septentrionalis war. pterocarpus L. Benson, var. nov. 

Subglabroiis ; more markedly stoloniferous than the typical species; 
radical leaves simple or of 3 leaflets, these more shallowly lobed and toothed 
than; iu'dlie typical species, erenate^or serrate,;, sepals reflexed "or' 'spreading- 
'aehenes, 5-15,' the ho'dies'obovate toBuborbieular, :3.5-4.3"imn.dong', 3.3-4: mm. 
broad, including the ivinged keels, which may be up to 1 mim broad, the 
acheiie: beaks. .about' .2 .mm. long ; ' fruiting .receptaele 4-5: .'mm. long. 

Herba palustris perennis subglabra; stoionifer deiitibus foliorum 
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brevibiis; aelieniis 5~15, obovatis vel suborbieularibiiSj 3. 5-4.5 imii. longis, 
3.3-4 mm. latis, alatis ; receptacula 4-5 mni. longo. 

Marshy gToiind at low elevations ; Wyandotte County, Kansas to Illinois, 
Indiana, Kentucky, and Tennessee ; occurring as an intergrade to E. palnia- 
tus in soiitiieru Alabama and Florida; Dallas County, Texas. Southern 
deciduous and river bottom forests. May and June. 

Type collection: Wet soil, Ked Eiver bottom near Boss, McCurtain 
County, Oklahoma, H. W. HoiigJiton 3732\, May 23, 1916. type in the New 
York Botanical Garden. An isotyxie is in the Gray herbarium. 

Bepresentaiwe specmiens: Kansas: Wyandotte County, Hitchcock 1105, 
NY, GH. Missouri: St. Louis, EieM 25 in 1838, NY, Eggert in 1877, 6H; 
Campbell, Dunklin County, Pahner 39066, GH. Illinois: Mound City, HGr 
16775] Macon County, Clokey 2384, GH; Starved Rock, La Salle County, 
Greenman, Lansing, <& Dixon 123, NY, GH. Indiana.- Torr. & Gray, FI. N. 
Amer., GH. Kentucky: Near State Lake, Shackleite 273, NY. Tennessee.- 
Humboldt, Tennessei oecidentalis, Bain 383, NY. Oklahoma: Boss, McCur- 
tain County, Red River bottom, Houghton 3732i, NY, GH. Texas : Dallas 
County, Reverchon 2739, NY; Dallas, Reverchoyi in 1874, GH; San Felipe, 
Lindliemier in 1844, GH; Brazos River, Drummond in 1835, GH; Columbia, 
Bush 147 GH; Blooming* Grove, Reverchon 3700, GH. Alabama: Catoma 
Creek, Montgomery County, Harper 85, NY, GH. Florida.- Oeklocknee 
River, Leon County, West of Tallahassee, Small & Wherry 11670, GH, NY. 

17. Ranunculus hispidus Michx. FI. Bor. Ainer. 1 : 321. 1803. Ranun- 
culus marilandicus Poir. in Lam. Encye. Meth. 6: 126. 1804 (f ). Eammcu- 
lus palmaUis Ell. Sketch. 2: 61. 1816. Rammciiliis repens L. var. Mspidus 
Chapin. FI. S. II. S. Ed. 1. 8. 1860. Ranunculus septentrionalis Poir. var. 
marilandiciis Chapin. FI. S. U. S. Ed. 3. 8. 1897 (f). Ranunculus hirtipes 
Greene, Ottawa Nat. 16 : 32. 1902. 

Hirsute terrestrial perennials; roots usually fleshy, commonly 1. 5-2.5 
mm. in diameter; stems 1.5-3 mm, in diameter, fistulose, hirsute, the hairs 
sometimes appresBed especially in specimens from Ontario, New" York, and 
eastern Pennsylvania; radical leaf blades nearly always pinnatel.y com- 
pound, cordate-ovate in outline, laciniate, 4-9 cm. long, 5-11 cm. broad, the 
terminal leaflet 3- and the lateral leaflets 2-parted, the parts sharply lobecl 
or serrate-laeiniate-toothed, blades proximally snbcordate and distally acute, 
appressed-hirsnte, the hairs rarely abundant; each aehene obovate, 2.3-2.9 
mm. longvl.8-2.3 mm. dorso-ventrally, 0.7 mm. laterally, the aehene beak 
slender, 1-2 mm. long, straight. 

Moist places in ineadow"s and rich woods at low elevations ; Valley City, 
North Dakota, and Newark, Nebraska, to Ontario, Massachusetts, Missouri, 
Arkansas (modified form), Tennessee, and New Jersey,- less common sonth- 
wnrd along the Atlantic Coast to Hendersonville, North Cainlina and 
Atlanta, Georgia. Mostly Southern deciduous forest. April and Ma.y. 

A form Avith radical leaves, 8-10 ,om. long and 12-^16 mm. broad occurs 
in MeDow'ell and Randolph Counties, West Virginia (Spruce Mountain 
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Braiieli of the Condon Lane Boom and Lumber Company Kailroad, Moore 
2225, GH ; Eailroad track, Allegheny Mountains, Randolph Co., Greennum 
366, GH ; Welch, WeU in 1922, GH). The leaf size and type are approached 
by plants from other parts of the west side of the Appalachian system. The 
leaf divisions are from narrowly elliptic to obovate. Segregation of varieties 
ill R. kispidus, which is a polymorphic species, is difficult. The tivo listed 
below are well-distiiigiiished in their extreme forms, but countless inter- 
mediate forms occur. Prom herbarium sheets distinction of JR. Msindus from 
B.. septentrmialis is not (apparently) always possible. 

Tijpe collect ions: (1) E. Jiispkhis, "'Hab. in iimbrosis sylvis Carolinae 
inferiorisW (2) E. mar zfniichr as/' Cette plante croite au Maryland ... in 
herb. Bose.” This plant may be var. falsus. (3) B. palmiahis, "Growls in St. 
John's Berkley.” Near Savannah, Georgia. (4) B. MrUpes, "Obtained in 
woods near Sandwich, Ontario, 5 June, 1901, by Mr. John Macoun . . . 
bearing the Caiiad. Geol. Surve}' number 33,582.” The type is HGr. 2619. 

17A. Ranunculus hispidus var. falsus Pern. Rhodora 22: 30. 1920. 
Banuneidus cardiopetaliis Greene, Ottawa Nat. 16: 32. 1902. 

Stems 1-2 mm. in diameter, almost always appressed-pubesceiit, the hairs 
softer than in the typical species ; the stems less markeclly fistulose than in 
the typical vspecies; radical leaf blades either simple and 3-parted or, if com- 
pound, the leaflets usually sessile and close to one another, less dissected than 
in the t 3 "pical species, usually 1.5-4 mm. long, 2-5 mm. broad, but occasion- 
ally larger ; fruit smaller than in the typical species and wuth a narrower 
keel (as pointed out to the writer by M. L. Pernald). 

Dry or rocky woodland at low elevations; occasional from Toledo, Ohio 
to Pickett County, Tennessee; Ontario (Niagai^a Palls) to southwestern Ver- 
mont, Massachusetts, and Washington, D. C. ; rare and modified in Virginia, 
North Carolina, and Alabama. Northeastern and Southern deciduous forests. 
April and May. 

This variety is marked by small and most commonly simple leaves and 
by appressed pubescence and small fruit. Other forms are looked upon as in- 
termediates, that is, if they show one of the characters and not the other. 

Type collect ions: (1) B. cardiopetahis, "At the whirlpool Rapids, Ni- 
agara, Out., 21 May, 1901, John Macoun (n. 33,581).” The type is EOr, 
2546. It has emarginate petals. (2) Var. falsus, "Dry wooded calcareous 
bank, Sheffield, May 30, 1919, Bean & Pernald. (type in Gray Herb.) ” 

17B. Ranunculus hispibus var. eurylobus L. Benson, var. nov. 

Stems 1.2-2 mm. in diameter, very densely hirsute, the spreading hairs 
2 mm. long; radical leaf blades mostly simple, the leaflets wdien present ses- 
sile and usually close to one another, the simple leaves lobed or divided, the 
leaflets or lobes or the whole leaf tending to be very broad or even orbicular, 
rounded at the bases, the leaf or leaflet 2-5 cm. long, 2-5 cut. broad. 

Caulibus valde hirsutis; foliis vel foliolis latissinii vel orbicularibus, a 
basibus rotundis, 2^5 cm. longis, 2-5 cm. latis. 
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Hill country toward the interior from West Virginia and from Arling- 
ton, Brunswick County, and Fort Myer, Virginia, to Georgia and Alabama ; 
Monterey, TenneKSsee occurring in modified form in Kentucky and Tennes- 
see and along the southern Atlantic coastal plain. March and April. 

Type collection: ^‘Oak woods, dry, Augusta, Georgia, March 26, 1899.^’ 
TYPE in the New York Botanical GaiMen. Unfortunately the collector’s 
name is not on the specimen, which is labelled in pencil. Although the 
variety has been collected rather frequently, no other specimen is suitable 
for a type. 

Significant specimens: Tennessee: Monterey, Cain Sharp 4352^ NY. 
Alabama: Warrior Kiver, Tuscaloosa, Harper 3014, NY. West Virginia: 
Milton, Cabel County, £. Williams 411, NY. Virginia: Arlington, Blanch- 
ard in 1891, NY ; Meherrin River, 8 miles southeast of Cohran, Brunswick 
County, Fernald d' Long 7027, GH ; Port Myer, Mearns in 1895, NY. 
North Carolina : Tryon Mountain, Polk County, Huger in 1896, NY ; 
Roanoke River at Weldon, Small in 1897, NY. South Carolina: Clemson 
College, Oconee County, House 1712, NY ; Andersonville, Earle in 1886, NY. 
Georgia : Large Knob, Kenesaw Mountain, Berry d) Myers in 1934, NY ; 
Thompson Mills, Gwinnett County, Allard 47 in 1908, NY. 

18. Ranunculus pascicularis Muhl. ex Bigel, FI. Bost. Ed. 1. 137. 1814. 
Eanuncid'Us fascicularis var. Deforestii Davis, Minn. Bot. Studies, 2: 470. 
1900. Ranunculus illinoensis Greene, Pittonia 5: 195. 1903. 

Stems 1-2 dm. long; radical leaf blades compound or the early ones 
3-parted, ovate-oblong in outline, 2.5-5.5 cm. long, 2-4 cm. broad, distinctly 
longer than broad, leaflets 3 or commonly 5, sometimes the leaf partly bipiii- 
nate, the leaflets deeply 3-7-parted ancl again angularly-toothed, the ulti- 
mate parts blunt at the apices; petals 5 or rarely 9 (1 specimen), 7-15 mm. 
long; each achene obovate-orbicular with a short, flat stalk, the main body 
1.5-2.5 mm. long, 1.5-2 mm. dorsoventrally, 0.6-1 mm. laterally, the margin 
keeled but not prominent. 

Rather dry sitiiations at low elevations; Taylor Falls, Minnesota, to 
southern Ontario, New England (except Maine and Rhode Island), New 
Jersey, and Pennsylvania (Lancaster) and southward to Oklahoma and 
Tennessee; ''Southern Flora’’ NY; sepals reflexed). North- 

eastern and Southern deciduous forests. March to May, depending upon 
latitude ; commonly called " early buttercup. ” 

Truly tuberous roots are rare in specimens from east of the Mississippi 
Valley. ■ ' 

Type collections: {1) R. fascicularis, "The plants described in this book 
have been collected cluring the two last years in the vicinity of Boston, 
within a circuit of from 5 to 10 miles.” 1812-13. (2) Var. DeforestU, "Col- 
lected by Henry P. DePorest (G. 42) near Rossville, 111., April 12, 1885.” 
The type specimen in the herbarium of Cornell University was kindly 
loaned to the wTiter by Dr. K. M. Wiegand. Some of the flowers have 9 
petals and some have 5. (3) R. illinoensis, "Collected at Alto Pass, in south- 
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erii Illinois, 21 April 1900,, by Mr. Carl F. Baker, who reports that it occurs 
in large patches on moist open hillsides.’’ Possibly a variety, but the type 
must be reexamined for eharaeters other than the merely lobed early radical 
leaves, before a segregation can be made, if it is desirable, type; HGr. 2630. 

18A. Ranunculus fascicularis var. apricus (Greene) Fern. Rhodora 
38: 178. 1936. Banuneuliis a'pricus Greene, Pittonia 4: 145. 1900. 

Stems 1-3 din. long ; leaflets or leaf segments oblaneeolate to narrowly 
elliptic, shallowly few-toothed apically or entire ; petals 5, like those in the 
typical species; achenes like those of the typical species. 

Mostly in the prairie coiintry from Cherokee County, Kansas, to eastern 
Texas, Louisiana, and North Carollton, Mississippi; W. Colorado” 
{Mini,, NY), Prairie grassland; deciduous and river bottom forests. March 
and April. 

The form occurring in wet ground in Louisiana and at Galveston, Texas 
is 2-3 dm. tall and is with Uvsually small fruit and with less hair on the plant. 

Type collection: ^‘Near Sapulpa, Indian Territory Oklahoma, 29 April, 
1895, B. F. Bush.” The TYPE is P6‘5lJTGr. 

18B. Ranunculus fascicularis var. cuneiformis (Small) L. Benson, 
comb. nov. cuneiformis Small, Bull. Torrey Club 27 : 276. 1900. 

Stems 18-25 cm. long ; leaves like the typical species, but a little larger 
and coarser ; petals 7-9, 13-15 mm. long when fully expanded ; aehene 3 mm. 
long by 2.5 mm. dorsoventrally, the margin 0.5 mm. broad, distinctly 
marked. 

Moist ground; eollected at Bear Creek, Kerr County, Texas, and at 
Natchitoches, Louisiana (Palmer 6988). Southern deciduous forest. Early 
spring. 

Type collection: ‘‘On prairies, near Kerrville, Texas. Spring. Heller, PL 
S. Tex. no. 1688.” 

Department op Botany, University op Arizona 
Tucson, Arizona 



NOTES ON POLYGONUM (AVICULARIA) 

J. P. Brenckle 
(with three figures) 

PHOTOPERIODISM AND TAXONOMY 

Field observations in Sontb Dakota show that the genus Polygonum is 
strong!}’' aifected by long days of bright sunlight. Profound changes take 
place in the plants during late June and in July, our longest and brightest 
days. The large spring stem-leaves fall from the plants and fruit production 
is slowed or stopped entirely. "While each species reacts somewhat differ- 
ently, the phenomenon takes place in all forms, both early and late. The 
small wiry species such as P. aehoreum and P. biixi forme set fruit very 
early, often in the axils of the second and third stern-leaf, and fruit produc- 
tion continues until the latter part of June when the stem leaves and fruit 
fall away. Some of these plants do not survive this change, but others more 
favorably located continue growth with shortened inter nodes, smaller leaves, 
and a more compact inflorescence. Pol/ygoniim species with a late habit of 
growth, such as the group P. ramosissimum which seldom blooms in June 
with us, also lose the basal leaves but continue growth with narrower and 
smaller leaves through July; blooming is delayed to late August and Sep- 
tember. Protection from intense or prolonged periods of sunlight by cloudi- 
ness or shade may prevent this retardation of bloom. Polygonums in general 
from high elevations show no such retardation. A series of specimens of 
P. ramosissinmim collected on July 31 and August 1, 1939, along a road from 
Forsythe, Montana, to Mellette, South Dakota, show a marked difference in 
development. The western plants are more advanced, although collected 
from a higher elevation and latitude than those from the eastern half of 
South Dakota. Specimens from a creek-bed with perpendicular walls from 
10 to 15 feet high, near Miles City, Montana, had well ripened aehenes. 
These plants were the best developed of the series, no doubt owing to the 
protecting shade of the sidewalls. The winding arroyo with its walls afforded 
shade from east, west, or south, up to 30 to 40 per cent of the day sunlight. 
Six specimens of the series are herewith deposited in the herbarium of the 
New. York Botanical 'Garden.,. ■ 'y 

Specimens of Polygonum collected in midsummer during the ‘ 'rest 
period’^ are often sterile or otherwise in poor condition to classify. The 
marked difference between the spring, summer, and fall forms is confusing 
unless a series of specimens is at hand to represent these stages. Abundant 
and \vell developed material of P. rtihescens Small sent me from Alberta, 
Canada, by Dr. Geo. H. Turner, illustrates this. The spring leaves have a 
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shape and size quite distmetivej are broadly elliptic or ob ovate, abruptly 
pointed at the apex, somewhat narrowed toward the base, siibsessile or with 
a short petiole, 2-6 em. long*, 1-2.5 cm. wide. These merge into the narrow 
lanceolate leaves of siiminer and are lacking in fruiting specimens. Speci- 
mens in triplicate representing spring, summer, and fruiting stages of this 
plant mil be deposited in the Gray Herbarium, the National Herbarium 
and the herbarium of the New York Botanical Garden. 

THREE ALIEN POLYGONUMS IN THE WEST 

Polygonum argyrocoleon Steudel. ^ ^ Silver-sheath knotweed. ” ^ ^ ^ Erect, 
annual with slender branches; leaves linear-lanceolate, often deciduous; 
fiowerspikes slender, naked; flowers pedicelled, shortly exserted from the 
ocreolae ; perianth about 2 mm. long ; achenes equal to the perianth, brown, 
smooth, and sliming. The plant has a dark grey-green color, strikingly 
different from that of American species. The silvery ocreae are membranous, 
sliowjq and white. Iiitrodnced into southern California and Arizona with 
alfalfa seed from Persia and Avidespread in alfalfa and grain fields.^ 

Specimens examined : California, Santa Catalina Island, Fosherg 4461 
(asF. ramosissimiim) : Imperial County, alfalfa fields; Be?/?/ 6?, July 6, 1932. 

Polygonum humifusum Pall, ex Ledeb. (not P. htmiif usimi Jord.). '^A 
smooth, brancliing, prostrate herb ; leaves linear to oblong, obtuse ; inflores- 
cence at tips of the branches, fascicles 1^10 flow^ered; achenes smooth, ex- 
ceeding the perianth.”^ A skeleton-like plant wdth spathulate-linear leaves 
mostly divergent or reflexed ; flowering from the base in the axils of all 
leaves; achenes lenticular or three-angled, ovate, pointed, black, smooth, and 
shining, about 1 mm. long (fig. 1). Three sheets of this species have been 
examined, all collected near Nanaimo, Vancouver Island, B.C., by Dr. John 
3Ia€0un^ and distributed under No, 1483 (as P. avicidare). The sheet in the 
Canadian National Herbarium, Gttawm, wms collected July 11, 1887, *^on 
ballast. This plant, about 5 to 6 dm. long, has all its achenes 3-angied. A 
sheet in the herbarium of the University of Minnesota, Minneapolis, has 
three plants of about half the length of the above, collected on July 12, 
1893, six 3^ears later. These have all achenes lenticular, pointed, black, 
smooth, and shining, about 1 mm. long. The third sheet, in the heiliarium 
of the New York Botanical Garden, dated July 12, 1893, Nanaimo, B. C., 
has two plants similar in size to the Minnesota specimens, one of which has 
its achenes 3-aiigled and the other lenticular. These remarkable plants ap- 
pear to belong to the section Avieularia. 1:^0 known American species of this 
section has lenticular achenes. Among the Persicariae some species may have 
occasional 3-angled achenes, but the plants here represented have them 
either lenticular or 3-angied, with no mixture on a single plant. 


1 Bellue, Margaret K. 1935, Silver-sheathed Knotweed as a pest in S.W. Alfalfa, Mo. 
Bull Dept." AgnUalif.' Jane 1935: 238-241,. 

- gteward, xVlbert N. The IPolygoneae of eastern Asia. Contr, Gray Herb. 87 : 19. 1930. 

Explanation of figures 1-3 

Fig. 1. Polygonum hiimifmum, Fia. 2. Polygonum St€V€ 7 isii. Fig. 3. Polygonum 

autiimnale. ' 
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Polygonum polycnemoides Jaiib. et Spaeh. prostrate braueliiiio* herb 
witli appressed linear-subulate leaves: oereae hyaline, white, conspicuous, 
sometimes lacerate : flowers axillary, near the tips of the branches, sessile, 
about 2 nim. long- : aclieiies triangular, black, meluded in the perianth ; faces 
iniiiiitelv punctate. Soutli-eentral AsiaP’^ 

The ‘speeiiiiens kindly sent me by Prof. Ray J. Davis, from Idaho, col- 
leeted on an abandoned field, no doubt belong to this Asiatic species and 
Avere introduced with garden or field seed. The striking character which 
differentiates them from American species is the perianth. Grey-green, 
scurfy, constricted above, closely investing the mature aehene; shalloAvly 
5-parted to about one-fourth its length ; the limb is spreading, white, .4-.5 
mm. long. Sometimes a short Avh it e-liy aline, denticnlate, ocreolns persists 
about the base of the perianth. The dry stems are fragile and the leaves 
veinless and glandular-punetate. The rather short limb probably places 
these plants with P. Oliveri Jaub. et Spach.'^ 

NO: J283S, Ray J. Davis, Idaho, is deposited in the New York Botanical 
Garden. 

TWO NEW SPECIES 

Polygonum Stevensii Brenclde, sp. nov. Planta annna ; caulis acute 
angiilatus, erectus, A-7 dm. altus, base ramosiis ; folia crassa, obloiiga, brevi- 
petiolata, iiieonspieiie nervata, 2-5 cm. longa, ^10 mm. lata, tain longa vel 
longiora cpiain internodi. Oereae iiicoiispienae, macrae ; floras copiosi ; peri- 
anthi axillares, 2-8 ad quodquam folium, pedicellati, 4-5 mm. alti. cum sex 
seginentis; segmenta tres exterioi’a carinata, nervata, eucullata, viridia, 
alboinarginata ; achaenia 3-angulata, fnsco-atrata, glabra, mnriculata, 3.5 
mm. longa. 

Annual; plant yelloAvish green tlironghout, stem smooth, striate, sharply 
angled, erect, 4-7 dm. high, profusely branched , at the base with several 
elongated, decumbent or prostrate branches; stem-leaves thick, smooth, ob- 
long or oblaneeolate, rounded or bluntly pointed at the apex, tapering to 
a short petiole at the base, A^eins iiieonspicnous or none except the midrib at 
the back, 2-5 cm. long, 4-10 mm. Avide, often Avidest above the middle, as 
long or longer than the internodes, articulate to the foliaeeons part of the 
oereae; oereae thin, scarious, AAuth feAv or no Amins, ineonspicuous ; floAvers 
abundant, 2-8 in the axil of each leaf ; perianth segments 6, the outer tliree 
sharply carinate, prominently Amined, eucnllate, green Avith Avhite edges; 
style short, 3-parted to the base; stamens 5, yellow; achenes ovate, promi- 
nently 3-anglecl, angles rounded, becoming black, mnrieulate, 3.5 innL long, 
2,mm. AAude." 

Specimens examined : The type aa^s colleeted by Brenckle and Stevens 
on June 29, 1938, on low ground near a spring adjoining the highway, south 
of Forsythe. Montana (fig. 2). Specimens (No. 38-034, BrencMe & 8t&vens)' 
are deposited in the Roe%^ Mountain Herbarium, L/aramie, Wyoming ; Uni- 
Amrsity of ■Wisconsin Herbarium, Madison ; Herbarium of the N. Y. Botanical 
Garden (type) ; U. SuNation^^ Herbarium, Washington. 

This plant is related to P. ramosissimum Michx. but differs in the stem, 
in the manner of branching, in the character and shape of the leaves, and in 

3 Steward, Albert N, 7. 25, 26, 
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the early and abimdant inflorescence. It differs from P. latum Small in the 
niaiiner of brauehii^g, shape and character of leaves and perianth, and by 
the early bloom. 

Polygonum autumnale Brenckle, sp. nov. Annua ; canlis ereetus, graci- 
lis, 2-5 dm. altiis ; folia erecta, laneeolata vel linearia, ad apiee et base acumi- 
nata, 2-4 cm. longa, 2-4 mm. lata, cito decidua ; florit aestate sera ; perianth! 
sessiles, oereis eelati; achaenia 3-angiilata, anguste ovata, obtuse apiciilata, 
latera plana, fiisca, subtiliter punctata, hebetia, 1.6 nnn. longa, 0.8 mm. lata. 

Annual; stem, mostly erect, slender, wiry, tei'ete, finely striate branches 
erect or spreading below, 2-5 dm. high* spring leaves erect, lanceolate or 
linear, veined beneath, parallel lined above when dry, pointed at each end, 
snbsessile, pale green, 2-4 cm. long, 2-4 mm. wdde, early deciduous, reduced 
above to linear bracts ; ocreae veined, the lower half herbaceous, the upper 
membranous part evanescent leaving the exposed veins as bristles ; inflores- 
eence develops late in summer on terminal branclies and twigs, interrupted 
or eontiguons and spike-like; perianth sessile or snbsessile, 1-3, mostly 
bidden in the ocreae, 5-parted, covering the aehene; segments green or red- 
dish tinted with white or 'white and pink margins; achenes obtusely 3-aiigled, 
narrowly ovate, obtusely pointed at the top, faces mostly fiat or slightly 
convex, brown, miiricnlate or minutely striate, dull 1.2-2 mm. long, about 
.8 mni. wide. Rarely a few blossoms develop in spring. 

Specimens examined: The type. No. collected near Northville, 

KSpink County, South Dakota, September 23, 1937, is deposited in the her- 
barium of the New York Botanical Garden (fig. 3). The following specimens 
are in the U. S. National Herbarium. 

South Dakota: Rapid City, D. Griffiths No. 732, Aug. 29, 1897 (3 
sbeets). Texas: Bell County, Simon E, Wolff No. 175^ Oct. 17, 1928; Ama- 
rillo, Carlton & Ball No. 1136, Sept. 15, 1906. Maryland: Calvert County, 
Cheseapeake Beach, N. D. House No. 1454, Aug. 20, 1905. 

At hand for distribution to those interested are additional specimens of 
cotype material from South Dakota and North Dakota; Burleigh County, 
McKensie, 0. A. Stevens No. 485, Aug. 15, 194(). 

This species, practically sterile all summer, has been overlooked or con- 
fused with other species. The early loss of the stem leaves and variation in 
size of all parts aee or ding to location, ero'wding and moisture, make it diffi- 
cult to present a complete picture of the plant. It has been variously named 
P. mmtdare, P. 'proliffcwm and P. lepiocarpum, but from these it differs in 
the perianths hidden in the ocreae, narrower ripe aehene often square-cut 
on the edges, stub-|)ointed and mostly less than 2 mm. long, usually from 
1.2 mni. to 1.6 mm. long. Late in the season we may find a few exserted 
achenes which are longer. 

The ywriter wdshes to gratefully acknowledge the assistance and advice 
freely given by Prof. 0. A. Stevens of Fargo in preparation of this paper ; 
also to Mr. L. L. Shinuers of the University of Wisconsin, Madison, for the 
Latin diagnoses, ,, 



AN UNDESCRIBED LENOPHYLLUM^ FROM MEXICO 

Stephen S. White 
(with one figure) 

Lenophyilum reflexiim White, sp. iiov. Folia opposita, late ovata vel 
elliptiea, ad 4.5 cm. loiiga et 3 cm. lata, acuta, supra plana vel coiivexa, 
pieraque refiexa. In vivo folia matura supra purpureo-viridia, infra pur- 
purea, ill sieeo viridia; juvenile in vivo liicicle viridia. Infloresceiitia panicti- 
lata ramiilis tenuibiis, siccata rubeo-purpurea. Flores reinoti, fere sessiles, 
braeteis deeiduis 3 inin. longis subtenti. Periantliii flavo-virides, sieeati saepe 
rubeo-purpiirei. Sepala 4 mm. long*a, oblonga, acuta. Petala 6 mm. longa 
oblaiieeolata acuta. Stamina 10. Filamenta petala opposita dupliees quani 
long'itiidine antlierae, ad inferiorem tertiam partem petalorum inserta. 
Carpella b-G mm. longa, stylis siibulatis, squamis carnosis et truneatis. 

Sueciileiit perennial herb. Leaves opposite, broadly ovate to elliptic, up 
to 4,5 cm. long and 3 cm, wide, acute, flat or convex above, mostly reflexed. 
Mature leaves on. living plant suffused with purple, espeeiariy below; tuning 
leaves briglit green. Inflorescence paniculate, many-flowered, with slender 
branches, turning reddish-purple when dry. Flow^ers remote, nearly or quite 
sessile, subtended by deciduous bracts 3 mm. long. Perianth, yellowish-green ; 
sepals 4 mm. long, oblong, acute; petals 6 mm. long, pblaneeolate, acute. 
Stamens 10, the filaments of those opposite the petals becoming twice as long 
as the anthers, inserted at one-third the height of the petals. Carpels 5-6 
mm. long with subulate styles ; scales fleshy and truncate. 

Type in the University of Michigan Herbarium, prepared from a plant 
grown in the Botanical Gardens of the University of Michigan.; collected by 
H. H. Barf left in 1930 on the Cerro del Diablo, San, Carlos Mts., Qhimauli- 
pas, Mexico. 

This species is clearly distinguished from all other inembers of the genus 
by its broad reflexed leaves which are not at all ebanneled above. 

The author wishes to acknowdedge his indebtedness to Drs. B. B. Mains 
and C. L. Liindell of the University of Michigan Herbarium for many valu- 
able suggestions in the preparation of the manuscript. 

Department op Botany, University op. Michigan 
Ann Arbor, Michig,an ■ 
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NEW SPECIES AND VARIETIES OF VERBENACEAE FROM 
CENTRAL AND SOUTH AMERICA 

Harold N. Moldenke 

Goiitiiiiiecl work on the Verhenaceae has brought to light a iminber of as 
yet iindeseribed. species and varieties from tropical America. It has been 
thought advisable to place the descri]Aioiis of these plants formally on record 
at this time. Detailed discussions of their relationsliips and distribution, and 
complete citation of specimens, will be published at a later date in generic 
monographs now in preparation. 

Bouchea boyacana Moldenke, sp, nov. Herba pereniiis sublignosa; ramis 
ramiilisque dense piiberulis ; petiolis erassiuseulis eomplanatis alatis dense 
puberulis ; laminis firme chartaceis ovatis, ad apicem et basim acutis, crasse 
dentatis utrinque dense adpresso-puberulis ; pedunculis rhachideque pedi- 
eellisque dense puberulis. 

Eather woody perennial ; branches and branchlets rattier slender, ob- 
tusely or subacutel,y tetragonal, often rather irregular, densely puberulent 
throughout; nodes not annulate; principal internodes usually abbreviated, 
3-15 mm. long; leaves decussate-opposite; petioles rather stout, 1-1.5 cm. 
long (or less), fiattened above and alate from apex to base with a narrow 
green mai’ginal wing about 1 mm. wide or less, densely puberulent through- 
out; blades firmly chartaeeous, ovate, almost uniformly light-green on both 
surfaces or somewhat darker above and grayish-green beneath, 1-5 cm. long, 
0.5-3.7 cm. wide, acute at apex, coarsely dentate from the widest part to the 
apex with broadly ovate acute or apieulate antrorse teeth to 7.5 mm. long 
and 4 mm. wide, acute at base, densely appressed-puberulent on . both sur- 
faces, the puberulenee often grayish beneath ; midrib slender, proininulous 
on both surfaces ; secondaries slender, 2-5 per side, ascending, only slightly 
arcuate, often extending from near the base to the apex, subprominulous on 
both surfaces • veinlet retienlatioii obscure or indiscernible ; inflorescence ter- 
minal, spicate during anthesis, racemiform in fruit, 4-37 cm. long, many- 
flowered, erect, the flowers usually imbricate or the lowermost separate; 
peduncles slender, abbreviated, 1 cm. long or less, along with the rachis 
densely X3uberulent; pedicels subobsolete during anthesis or to 1 mm. long, 
in fruit to 4 mm. long and densely puberulent; foliaceous bracts absent; 
bractlets and pi^opliylla lanceolate, 1-3 mm. long, attenuate, densely puberu- 
leiit ; calyx tubiilar, 6-9 mm. long, 1.5-2.5 mm, wide throughout, densely 
puberulent outside, 5-eostate, subhyaline and translucenf between the costae, 
its rim 5-apiculate, the apieulations unequal— four 1-1.5 mm. long and the 
fiftli 0.5-0,9 nun. longv ciieullate from within corolla hypocrateriform, ir- 
regular, its tube bmacily eylindric, curvate, about 1.5 cm. long, about 1 mm. 
wide at base, ampliate to 3 mm. somewhat below the apex, glabrous outside, 
pilose among the stamens within, its limb spreading, 5-part ed, 2-lipped, the 
lobes broadly elliptic, rounded at apex, the largest 6-6.5 mm. long and wide; 
stamens 4, didyiiamous, included, inserted about 3 and 4 mm. below the 
mouth of tlie corolla-tube, the lower pair shorter; filaments filiform, about 
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I. 4 and 2.4 mm. long', glabrous or the larger i)air obseiirelv pilose; anthers 
broad]}' ovate-elliptie, about 1 inni. long and wide, the eoinieetive ovate-tri- 
angular ; ])istil included ; style capillary, about 9 niin. long, glabrous ; stigma 
2-l()bed, tlie anterior lobe club-shaped and ereeto-reeurved, the posterior lobe 
minute and tooth-like ; ovary elongate-oblong, about 2.5 mm. long and 1 mm. 
wide, glabrous. 

Colombia — boyaca : Cordillera Oriental, Soata, arid slopes, alt. 2130 m., 

J. C'uatrecasas 1017, September 6, 1938, type; in the Britton Herbarium at 
the New York Botanical Garden. 

Duranta armata Moldenke, sj). nov. Friitex; rainis ramulisque rigidis 
sarmentosis spinosis adpresso-puberulis glabreseentibus ; foliis fasciculatis 
niimerosis subsessilibus vel brevissime petiolatis; laminis ehartaceis oblan- 
ceolatis vel ellipticis aeiitis vel obtusis vel rotundatis integris vel 2~4-deii- 
tatis, ad basim aeutis vel attenuatis, ntrinque sparse ininuteque puberulis 
glabreseentibus, supra nitidis, siibtiis punctatis; infiorescentiis abbreviatis 
terminalibus 1- vel pauci-floris. 

Spiny shrub ; branches and branchlets medium-slender, stiff, twiggy, 
obtusely tetragonal or subterete (sharply tetragonal when young), rather 
densely appressed-puberulent when young, glabrescent in age, viciously 
spinose; spines numerous, slender to very stout, alternate-scattered, rarely 
opposite or teniate, 0.9-3. 3 cm. long, very stiff and sharp-pointed, un- 
branclied, often bearing an opposite pair of buds at about the middle, 
glabrous and shin}^; nodes not annulate; principal internodes abbrevi- 
ated, 1-2 cm. long or less ; leaves borne in fascicles on very much abbre- 
viated spur-like twigs subtending the spines, numerous, subsesvsile or very 
short-petiolate ; petioles slender, 1-3 mm. long or obsolete, appressed- 
puberulent, submargined ; blades ehartaceous, oblaneeolate or elliiDtic, 
0.4-3 cm. long, 4-14 mm. wide, varying from acute (on large leaves) to 
obtuse or rounded (on small leaves) at apex and often subemarginate, 
entire or with 1 or 2 appressed irregular teeth on each margin near the apex, 
acute or attenuate at base, sparsely and minutely puberulent on both sur- 
faces when young, glabrous in age and shiny above and punctate beneath ; 
midrib slender, flat or sub impressed above, prominuloiis beneath; secon- 
daries slender, 2-5 per side, flat or snbimpressed above, usually flat beneath ; 
veinlet reticulation obscure or indiscernible; inflorescence reduced, ter- 
minating the branchlets and twigs, racemiform, 1-few-flowered, 1-5.5 cm, 
long; peduncles slender, sharply tetragonal, abbreviated, 2-18 mm, long, 
along with the raehis rather densely appressed puberulent; pedicels slen- 
der, about 1 mm. long, elongate to 4 mm. in fruit, piiberulent ; bractlets 
varying from linear to spatulate, stipitate, 1-4 mm. long, puberulent ; calyx 
campannlate, 3-3,5 mm. long, 2.5-3 mm. wide at apex, 5-costate, appfessed- 
pnbernlent outside, its rim truncate, shortly 5-apiculate ; corolla blue, hypo- 
crateriform, its tube broadly cylindric, about 7 mm. long, glabroits outside 
except at the very apex, straight or slightly curved, its limb 5-parted, 7~1Q 
mm. in diameter, dexxsely pnlveruleiit-puberulent on both surfaces; fruit- 
ing-ealyx broadly campannlate, papexry, obvolute and subincluding the 
fruit, eventually splitting, minutely puberulent or glabrate and shiny, its 
rim usxxally persistently whitish piiberulent-pilose ; fruit tetragonal, about 
4 min long and Avide, very distinctly 4-lobed and -sulcate in drying, glabrous 
and shiny. 
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Peeu— CUZCO: Upa Blanea, near Ciizeo, alt. 3400-3600 in., Fortunato L, 
Herrera 85 y type; in the herbarmin of the Botaniselies Miiseum at Beihin, 
received there in Febriiaiy, 1923. 

Duranta Bombeyana Moldenke, Prelim. Alpli. List Invalid Naiii.es 25j 
iiYpoii^mi (1940), sp. iiov. Pnitex; minis glabratis saepe sparse spiiiosis; 
raimilis dense fiilA^o-torneiitosis ; f oliis oppositis ; petiolis dense i.onieiitosis 
»Iabreseentibns ; laiiiinis eliartaceis ellipticis, ad apieein. obtusis vel aciitrs vel 
siibaciiiniiiatis, ad basiin rotundatis Yel aciitis Yel aciiniinatis, inte^ris vtd 
irregiilariter serratis, supra sparse breviterque piibescentibiis yel puberiilis 
g'labreseentibus, siibtiis dense adpresso-tomeiitosis ; infloresceutiis axillaribiis 
teriiiinalibiiscpie ; floribns secundis ; pediineiilis rhacliidecpie dense nav^es- 
eento-tonieiitosis. 

Strict shrub, 2-4 in. tall; branches rather slender, obtiiselY tetragonal, 
glabrate, sometimes sparsely spiiiose ; spines axillary, opposite, stout at base, 
sharplY pointed at apex, 5—7 mm. long ; braiichlets slender, obtusely tetrag- 
onal, densely fulvons-tomentose with short appressed tomeiitum ; nodes not 
annulate ; principal internodes 0.5-4 cm. long, those on tlie^ twigs extremely 
abbreviated ; leaves decussate-opposite, often with an additional pair or a 
fascicle borne on an extremely abbreYiated twig in the axil ; leaf-sears corky, 
prominent, semieircular ; petioles slender, 4-8 mm. long, margined, above, 
densely tomentose or glabreseent; blades chartaeeous, rather uniformly 
dark-green aboYe or slightly lighter beneath, sometimes brunneseent aboYe 
in drying, elliptic, 1.7-9.3 cm. long, 1.1-4 cm. wide, Yarying from obtuse to 
acute or even subaeumiiiate (occasionally emarginate) at apex, entire or 
rarely rather irregularly serrate just below the apex or from the widest part 
to the apex with sharp-pointed antrorse teeth, vaiying from rounded to 
acute or aenminate at base and usually more or less prolonged into the 
petiole, lightly short-piibeseent or pubernlent above, glabreseent in age, 
densely appressed-tomentose with fulvous or yellowish hairs beneath ; mid- 
rib slender, flat or subimpressed above, prominent beneath ; secondaries 
slender, 4r-6 per side, aseending, not much arcuate, flat or subimpressed 
above, prominulous beneath, joined in many loops near the margins ; veinlet 
reticulation sparse, the larger portions subimpressed above and siibpro- 
minuloiis beneath, the rest obscure or indiscernible; inflorescence axillary 
and terminal, the axillary ones 3-7 cm. long, the terminal one to 20 cm. long, 
spieate or snbracemiform, many-flowered, the flowers secund ; peduncles 
abbreviated, 4-13 mm. long, along with the rachis densely flaveseent- tomen- 
tose; pedicels obsolete or to 2.5 mm. long and densely flavesceiit-tomentose ; 
bractlets and prophylla linear, 1-6 mm, long, densely tomentose, caducous ; 
calyx eampannlate, 3-4 mm. long, 2-3.5 mm, wide, 5*-eostate, densely flaves- 
cent- tomentose outside, its rim truncate, very obscurely and minutely 
5-apieulate; corolla hypocrateriform, its tube broadly cylindric, curved, 
1.3-1.4 cm* long, glabrous outside below the bend, puberulent above, its limb 
8-11 mm. ill diameter, densely puberulent on both surfaces ; fniiting-calyx 
ob volute and rostrate, completely enclosing the fruit, firm, nigrescent, short- 
pubescent with eanescent hairs (especially on the apical beak), becoming 
glabrous and shiny in age, eventually splitting; fruit subglobose, to 1 cm. 
long and wide, glabrous, shiny, nigrescent in drying, umbonate-rostrate at 
apex. 

Ecuador: between Loja and Portoveio, Joseph Nelson Rose, Ahelardo 
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Pacliano, cO George Munson Bose 2S,347, October 3-6, 1918, type; in the 
Britton Herbariiiin at the New York Botanical Garden. 

Buranta guatemalensis Moldenke, sp. nov. Frntex ; ramis rainiilisqne 
spinosis dense adpresso-toinentosis glabrescentibns ; foliis oppositis vel snb- 
oppositis plerninque f aseieiilatis ; petiolis dense toiiientoso-pnbeseentibus 
giabrescentibus ; laininis tenuiter chartaceis vel subniembranaceis oblaiiceo- 
lato-elliptieis vel elliptieis, ad apicem obtusis vel rotimdatis, integris vel 
sparse serratis, snpra paree pilosiilis glabreseentibns, siibtus puberulento- 
pilosnlis ; infloreseeiitiis axillaribus terminalibusque ; pedunciilis rliaehide- 
qiie dense adpresso-tonientosis. 

Spiny shrub ; branches and branchlets slender, obtusely tetragonal or 
sub terete, densely appressed-tomentose with white or sordid tomentum when 
young, glabreseent in age; spines in opposite or subopposite i^airs, stiff, 
slender, 2.5-14 min, long, glabrous, sharp-pointed; nodes not annulate; 
principal internodes 1-3.7 cm. long ; buds denselj" tomentose ; leaves decus- 
sate-opposite or suboxiposite, often with additional fascicles on extremely 
abbreviated twigs in their axils ; jietioles very slender, 1-5 mm. long, densely 
tomentose-pubescent with appressed sordid hairs, glabreseent in age ; blades 
thin-chartaeeous or submembranous, oblanceolate-elliptic or elliptic, lighter 
beneath, 1,2-4 cm. long, 8-16 mm. wide, obtuse or rounded at apex, entire 
or sparsely serrate at or near the apex with a few, appressed, mostly 
rounded teeth, sparsely pilosulous above, glabreseent in age, rather sparsely 
puberal ent-pilosulous beneath (somewhat more densely so on the larger 
venation) ; midrib very slender, flat or siibimpressed above, flat or x^rominu- 
lous beneath; secondaries very slender, 3-5 per side, ascending, not much 
arcuate, flat or subimpressed above, flat or prominulous beneath, obscurely 
joined at the margins beneath; veinlet reticulation sparse, mostly indls- 
cernible above and obscure beneath; inflorescence axillary and terminal, 
raeemif orm, 3-5 cm. long, many-flowered ; peduncles very sleiider, 3-6 mm. 
long, along with the slender rachis densely appressed-tomentose like the 
branchlets ; bracts and prophylla linear, 1-2 mm. long, densely tomentose, 
deciduous ; calyx tubular, 5-7.5 mm. long, 2-3.5 mm. wide, densely or irreg- 
ularly short-pubeseent-pilose outside, less so in age, 5-costate, thin-textured 
between the ribs, its rim truncate and very minutely 5-ax^iciilate ; corolla 
hypocrateriform, its tube broadly eylindric, slightly curved, 7-10 mm. long, 
subglabrate below ontside, densely x^nbeiuilent toward the apex, its limh 
5-x)arted, 9-11 mm, in diameter, very densely appressed-pubernlent with 
eaneseent hairs on both surfaces. 

Guatemala— QUICHE : Chilli, alt 2600 m., jEnrup/r. Teofilo Hey de & 
Ernesto Lux 2947, in June 1892, type ; in the Gray Herbarium of Harvard 
University., 

Buranta peruviana Moldenke, sp. nov. Frutex * ramis ramulisqne dense 
breviterqne pnbeseentibus glabrescentibns, ad nodos decussatQ-eomplanatis, 
saexie spinosis; foliis oppositis; petiolis dense breviterqne iiieano-pubes- 
ceiitibus ; laminis tenuiter chartaceis elliptieis, ad apicem. aeutis vel breviter 
acuminatis, integris vel serratis, supra dense x^uberulis, subtus dense veln- 
tino-piibeseentibus ; infloreseentiis axillaribus terminalibusque saepe panic- 
ulatis; pedunciilis rhachideque dense breviterqne ineano-pubescentibus. 

F>hrub; branches and branchlets slender, obtusely or subacutely tetrag- 
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oiial deeiissateir flattened at tlie nodes, densely sliort-pubeseent ^ Avlien 
yoiiiig*, giabreseent in age, grayish, sometimes bearing a feAV pairs of short 
biiiiit spines above the nodes ; nodes not animlate, mostly flattened and 
somewhat ampliate ; principal internodes 2-4 cm. long ; leaves deeiissate- 
opposite ; petioles slender, 4-10 mm. long, densely sliort-iiiibesceiit Avitli 
iiicanoiis hair ; blades thiii-chartaeeous, uniformly dark-green on both sur- 
faces, elliptic, 1.3-7 cm. long, 0.8-4.5 cm. AAude, acute or short-acuininate at 
apex, entire or serrate Avith blunt appressed teeth from beloAV the middle to 
the apex, densel.A^ puberulent aboA^e, densely A^eliitiiioiis-pubescent Avitli sor- 
did-grayish hair beiieatli ; midrib slender, flat or subiinpressed above, promi- 
iieiit beneath; secondaries very slender, 6-9 per side, arcuate-ascending, fl^it 
or subimpressed above, prominulous beneath ; A^einlet reticulation obscure or 
iiidiseernible above, often obscure beneath; inflorescence axillary and ter- 
minal, racemiform or paniculate, 7-14 cm. long, often bearing 1 or more 
pairs of opposite racemiform branches; racemes many-floAverecl, spreading; 
peduncles slender, 0. 5-2.5 cm. long, usually abbreAuated, along Avitli tlie 
slender racliis densely short-pubescent Avith incanous hairs ; t)edieels very 
slender, obsolete or to 3 mm. long during anthesis and fruit, densely in- 
eanoiis-pubescent ; calyx tubular-campanulate, 3.5-4 mm. long, about 2 mm. 
AAude, 5-eostate, densely strigose-pubescent Avitli incanous hair, its rim trun- 
cate, minutely 5-apieuiate; corolla hypocrateriform, its tube slightly curA^ed, 
6-8 mm. long, densely puberulent outside above the calyx, its limb 5-parted, 
to 1 cm. in diameter, densely incanons-puberulent on botli surfaces. 

Peru— CUZCO: betAveen Santa Rosa and Quillabamba, Conveiicion, J. 
Smihip 8M, in January, 1938, type ; in the herbarium of the Field Museum 
of Natural History at Chicago. 

Duranta peruauana A’ar. longipedicellata Moldenke, Auir. nov. Haee 
Amrietas a forma typiea speciei reeedit pediceilis post anthesin usque ad 8 
mm. longis, floribus nutantibus, ramulis foliisque sparsiore pubescentibus. 

This variety differs from the typical form of the species in its pedicels 
being up to 8 mni. long after anthesis, the floAvers nntant, and the branehlets 
and loAver leaf-surf aces less densely veliitinons-piibesceiit. 

Peru — cuzco : valley of the Urubamba, Machiipicchii, alt. 22()0 m.. For- 
tmiato L. Eerrera 3209, in October, 1931, type; in the herbariiun of the 
Field Museum of Natural History at Chicago. 

Duranta Skottsbergiana Moldenke, Suppl. List Vern. Names 10, bypo- 
iiym (1940), Bp. nov. Friitex A^el arbor parva; ramis plerumque spinosis- 
simis glabratis ramulis dense breAuterqne pubescentibus glabreseentibns 
saepe spiimsis; foliis oppositis A^el teimatis A^'el irregnlariter clispositis, saepe 
f aseiculatis ; petiolis marginatis breviter pubescentibus glabreseentibus ; 
foliis subcoriaceis nitidis ellipticis A^el lanceolatis vel oblaneeolatis, ad 
apieem obtusis vel acutis vel subemarginatis, ad basim acutis vel acuminatis, 
integris A^el sparse argiiteque sepatis, supra sparse pilosis glabreseentibus, 
subtiis dense adpresso-piibescentibus dein glabreseentibus et iinpresso-punc- 
tatis ; iufiorescentiis axillaribus termiiialibiisque saepe paiiieiilatis. 

Shrub or small tree, to 6.5 m. tall ; branehes medium-stout, broAAUi, sub- 
terete, glabrate, prominently lentieellate-verruciilose, usually very spinose ; 
branehlets medium, stiff, densely shoxff-pubeseent Avhen young, giabreseent 
in age, often spinose, subterete or angular; spines A^ery stiff', ratlier slender, 
0.6-3.4 cm. long, very sharp-pointed, gray, glabrous, opposite, ternate, or 
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scattered ; nodes not annulate^ often triaiigular-flatteiied on younger parts ; 
principal internodes 1-5 cm. long; leaves opposite^ ternate, or scattered (on 
older branelies), often borne in fascicles on greatly abbreviated twigs from 
below the spines on older wood; petioles slender, 2-11 mm. long, densely or 
sparsely sliort-piibeseent, glabrescent in age, margined from apex to base, 
fiat above ; blades subcoriaceous, dark-green above, lighter beneath, shiny on 
both surfaces, mostly elliptic, varying to lanceolate or oblanceolate, 1.5-4. 5 
cm. long, 0.6-2. 7 cm. wide, obtuse or acute at apex, varying to subemarginate, 
entire or sparsely sharp-serrate with appressed teeth toward the apex, acute 
or acuminate at base, often attenuate into the petiole, sparsely scattered- 
pilose aboA’-e Avhen young, soon glabrescent, densely appressed-pubesceiit 
beneath when young, eA^entually glabrous and impressed-punctate ; midrib 
slender, flat above, prominent beneath; secondaries slender, 4-6 per side, 
arcuate-ascending, flat above, sharply x)rominent beneath, not anastomos- 
ing ; veinlet reticulation sparse, obscure on both surfaces or indiscernible in 
mature leaves ; inflorescence racemiform or paniculate, axillary and terminal, 
2-19 cm. long, often bearing one or more pairs of racemiform branches near 
the base, arcuately ascending or recurved, many-fioAvered ; floAA^ers subseciind ; 
bracts large and foliaceous, resembling the leaves in all respects but smaller, 
a pair subtending each pair of inflorescence-branches; bractlets elliptic or 
spatulate, stipitate, to 7 mm. long and 3 mm. wide, densely short-piibescent, 
borne near the base of the racemes, caducous ; prophylla linear, minute, about 
1 mm. long, densely pubescent ; peduncles slender, 1-2 cm. long or more ab- 
breviated, along Avith the slender rachis densely short-pubescent, glabrescent 
in age; calyx eampaniilate, 4-5 mm. long, 2.1-4 mm. Avide, 5-costate, thin- 
textnred between the ribs, densely piiberulent or short-pubescent with ap- 
pressed cinereous liairs, its rim truncate, minutely 5-apiculate ; corolla hypo- 
erateriform, pale-lilac, pale-blue, or lavender, its tube broadly cylindric,, 
1-1.4 cm. long, curved, the uppermost 3-4 mm. densely piiberulent outside, 
the remainder glabrous outside, its limb 5-parted, 7-10 mm. in diameter, 
densely einereous-piibernlent on both surfaces; fruiting-ealyx leathery, 
glabrate ; fruit siibglobose, yelloAV, about 1 cm. long and wide. 

Peru : Mito, in sunny stream canyons, alt. about 3000 in., J. Francis 
Maclmde c& Featherstone 1484^ July 8-22, 1922, type ; in the herbarium of 
the Field Musenm of Natural Histoiy at Chicago. 

This species is named in honor and appreciation of my respected col- 
league, Dr. Carl Skottsbei’g, Director of the Botanical Garden at Goteborg, 
Sweden, to whose boundless energy and inexhaustible courage this garden 
Avill always be a lasting memorial, and AA^ho has found time, amid all his ad- 
ministratiAre Avork, to do such noteworthy hotanieal exploration in Chile, the 
Galapagos Islands, Hawaii, and elsewhere, 

Duranta Woronowii Moldenke, sp. noA^ Prutex vel arbor ; rainnlis gla- 
bris inermibus; foliis oppositis vel suboppositis ; petiolis dehilibus minute 
obsciirecpie puberulis vel subglabratis ; laminis teniiiter ehartaceis vel siib- 
membranaeeis brunnescentibus anguste ellipticis, ad txpiceni acutis, ad 
basim eiineato-attenuatis vel subacuminatis, integris, utrinque minutissime 
obseureqne subpilosulis giabrescentibus ; inflorescentiis axillaribns termi- 
nalibnsque raeemiformibns ; floribus non secundis plusminus ereetis ; pedun- 
culis glabris. 

Shrub or tree; braiiehlets slender, dark, obtusely tetragonal, lentieellate, 
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glabrous, iiiiarmed; nodes not annulate, not ainpliate; priiieipal iiiternodes 
eiii. long; leaves decussate-opposite or snbopposite; petioles slender, 
weak, 5-10 iiiin. long, minntely and obscurely puberulent or subgiabrate, 
caiialieiilate above; blades thin-eliartaceous or submembrajK)us, dark-green 
above, lighter beneath, brnnneseeiit in drying, narrow-ellipticg 4,5-8 cm. 
long, 1. 2-2,5 cm. wide, acnte at apex, entire, cuneate-attenuate or siibaeii- 
minate at base, very minutely and obscurely subpilosulous on both surfaces 
or giabrescent ; miclrib slender, flat above, promiimloiis beneath; secoii- 
daries slender, 5-7 per side, mostly flat on both, surfaces, often obscure 
above, arcnate-ascending, indistinctly joined at the margins beneath ; vein- 
let reticulation fine, mostly indiscernible above ; inflorescence axillary and 
terniinal, racemiform, 3-17 cm. long, many-flowered, tlie axillary ones eon- 
fiiied to a pair in the uppermost axils ; flowers not sec and, more or less 
erect; peduncles slender, dark, 0.8-2, 8 cm. long, glabrous; rachis slender, 
dark, glabrous or very slightly pnberuleiit-pilose with obscure and scattered 
minute hairs ; pediceis slender, 1-2 mm. long, very dei.isely strigose-puberu- 
leiit with ineanoiis hairs, elongate to 6 mm. in fruit, usually erect; braetlets 
stipitate, linear or oblong, 3-9 mm. long, rather eonspieuous, miniitel>" 
pilose, long-persistent ; calyx cainpanulate, about 2.5 mm. ^ long, rather 
densely appressed-strigillose or puberulent with incanous ‘ hair, 1.5-2 mm. 
wide, indistinetly costate, its rim truncate, very niiiiiitely and obscurely 
5-apieulate ; corolla hypocrateriform, its tube 4.5-6 mm. long, rather nar- 
row-eylindric, straight or curved, the lower portion glabrous outside, the 
upper portion densely appressed pulverulent-puberulent, its limb 5-parted, 
about 5 mm. in diameter, densely pulverulent-puberulent on both surfaces ; 
friiiting-ealyx enlarged, leathery, nigrescent in drying, obscurely appressed- 
piiberulent or giabrescent, ob volute, including the (immature!) fruit, not 
beaked. 

Colombia — territorio del caqueta : Eio Caqueti, Tres Esqninas, 
Georg N. Woronouyd' 8. Jiizepczuh 6243, July 22, 1926, type; iu the lier- 
bariiim of the Field Museum of Natural History at Chicago. Named in 
honor of G. N. Woronow. 

Ghinia Cardenasi Moldenke, Geogr. Distrib. 28, noni. nud. (1939), sp. 
iiov. Herba sublignosa ; ramis acute tetragonis eostatis densissime puberulis; 
iiodis annulatis ; petiolis densissime puberulis ; laminis cbartaeeis ovatis vel 
rare ellipticis argute serratis, ad basim abrupte aciitis vel subtruiicatis, 
iitrinqiie plusmiiius puberulis vel supra subglabratis ; infiorescentiis axil- 
laribiis spicatis ; pedunculis rbachideque densiuseule incano-puberulis tetra- 
gonis eostatis. , , 

Herb, about 50 cm. tall, woody at base; branches slender, acutely tetrag- 
onal, veiw densely puberulent throughout, longitudinally ribbed; nodes an- 
nulate, not ampliate ; principar internodes 1-3.5 cm. long ; leaves decussate- 
opposite; petioles slender, 3-6 mm. long, very densely puberulent like the 
brauehlets blades ehartaceous, rather nniformly green on both surfaces or 
somewhat lighter beneath, ovate or rarely elliptic, 1.5-3. 5 cm. long, 0,8-2 cm. 
wide, obtuse (in outline) at apex, sharply serrate from almost the base to the 
.'apex ‘with acute 'autrorse' teeth,' abruptly- a'eute or subtruneateat -base> densely, 
puberuleht above and densely cahescent beneath when young, very obscurely 
piibenilent or subgiabrate above in age, more plainly puberulent beneath; 
midrih slender, snbimpressed above, prominulous benVath ; secondaries sleu- 
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der, 6-8 or niore per side, close together, subpartiliel, straight and ascending, 
mostly extending* direct to the sinuses between the teeth and secondarily into 
the teeth themselves, mostly siibimpressed above, prominuloiis beneath ; vein- 
let reticiilation sparse, obscure on both surfaces ; inflorescence axillary, spi- 
cate, 4.5-18 cm, long, manv-flowered, the flowers during antbesis barely over- 
lapping, the lowermost separate ; peduncles (3-5 cm. long) and rachis slender, 
rather densely iiicanous-puberulent throughout, tetragonal and costate; 
pedicels obsolete; braetlets linear or filiform, 3-4 mm. long, puberulent; 
calyx tubular, 4-5 mm, long, 1-1.5 min. wide, 5-eostate, hyaline between the 
ribs, densely incanous-puberulent, its rim 5-apiculate, the apiculations fili- 
form and 1-1.5 mm. long; corolla hypoerateriform, lilac, its tube cylindric, 
curved, 5-7 mm. long, its limb 5-7 mm. in diameter ; fruiting-calyx spread- 
ing-cainpanulate, about 6 mm. long and to 6 mm. in diameter, appressed- 
puberulent, its rim scalloped and long-apiculate, the apiculations filiform 
and about 2 mm. long ; fruit obovate, the body about 6 mm. long and 5 mm, 
wide, glabrous, prominently reticulate at apex, with 3 divergent horns to 4 
mm. long, sharp-pointed and spine-like. 

Bolivia — santa cruz: Ipias — Chiquitos, in grassy pampas, alt. 230 in. 
Martin Cardenas 2946 ^ in October, 1934, type; in the herbarium of the 
Field Museum of Natural History at Chicago. 

Lantana boyacana Moldeiike, sp. nov. Frutex ; ramis ramulistpie densi- 
usciile puberidis et patenti-pilosis glabrescentibus ; iiodis annulatis; foliis 
oppositis ; petiolis plusminus marginatis dense adpresso-puberulis et patenti- 
pilosis ; laminis ehartaceis lanceolatis vel ovatis, ad apieem aeutis vel sub- 
aeutis, regulariter ereiiato-serrulatis utrinque dense velutiiio-puberulentibus 
et paree longeque pilosis, supra plerumque subbuilatis; braeteolis magnis 
foliaceis elliptieis vel ovatis vel obovatis. 

Shrub; branches and braiichlets slender, obscurely tetragonal or sub- 
terete, rather more plainly tetragonal when yonng, rather densely pnberu- 
lent and also spreading-pilose with cinereous hair, glabreseent in age ; nodes 
annulate; principal internodes 0.6-5.8 cm. long; leaves decussate-opposite; 
petioles slender, 4-10 mm. long, more or less margined (especially toward 
the apex), densely appressed-puberulent and spreading-pilose with cinere- 
ous hair, the long pilose hairs abundant and 2 or 3 times as long as the 
piiberulent ones ; blades chartaceoiis, gray-green on both surfaces, lighter 
beneath, lanceolate or ovate, 1.7-5 cm. long, 1.1-3.5 cm. wide, acute or sub- 
acute at apex, regularly erenate-serrulate along the whole margins except 
at the very base with rounded, appressed, minute teeth, densely velutinoiis- 
pubernlent with grayish or sordid hair on both surfaces, int dispersed with 
much longer pilose hairs on the larger venation, often subbiillate above; 
midrib slender, flat above, prominulous beneath ; secondaries slender, 5-8 
per side, arcuate-ascending, rather straight and not much arcuate, flat or 
subimpi*essed above, prominulous beneath; vein and veinlet reticulation 
abundant, mostly more or less impressed above, flat or prominitlous. be- 
neath ; inflorescence axillary, capitate; peduncles slender, 2.5-6.5 cm. long, 
rather densely incanous-puberiilent and long-pilose like the braiichlets; 
heads hemispheric, 1.5-2.5 cm. wide, deiisely^ many-flowered; involueral 
braetlets large and eonspiciious, foliaeeous, elliptic, ovate, or obovate, the 
lowermost ones 5-11 mm. long, 2.5-7.5 mm. wide, sessile, acute or abruptly 
short-acuminate at apex, densely short-pubescent on both surfaces with sub- 
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strigose ineaiioiis hair; receptacle to 6 mm. long; corolla about 7 inm. long, 
its limb about 4 mm. wide. 

Colombia— BOYACA : Valle de la Uvita, woods and tliiekets near IJvita, 
alt. 2490-2560 m., J. Cuatrecasas^ 1851, September 16, 1938, type ; in the 
herbarium of the Institnto Botanieo, Bogota, Colombia. 

Lantana soatensis Moldeiike, sp. iiov. F'riitex ; ramis ramulisqiie graeil- 
limis dense albido-strigosis snbglabreseentibus ; nodis annnlatis; folds oppo- 
sitis iiumerosis saepe f ascienlatis ; petiolis dense albido-strigosis; folds ehar- 
taeeis ellipticis vel ovatis, ad apicem acntis, ad basim aenminatis, argute 
seiTulatis iitrinqiie dense sericeo-strigosis ; bracteolis ovatis. 

Shrub ; branches and branchlets veiy slender, gray, obtusely tetragonal, 
densely strigose with short and appressed white hair, less denseily so or even 
glabrescent in age; nodes annulate on young branchlets, less plainly so on 
older ones; principal internodes 0.5-6 cm. long; leaves decussate-opposite, 
abundant, often bearing additional fascicles on inucli abbreviated twigs in 
their axils ; petioles slender, 3-6 mm. long, densely strigose with, white bail* 
like the branchlets ; blades chartaeeous, elliptic or ovate, 0.6-2.5 cm. long, ().4r- 
1.6 cm. wide, acute at apex, sharply serrulate from the Avidest part to tlie 
apex, acuminate at base, densely sericeous-strigose on both surfaces with 
wdiite antrorse closely appressed hair, more densely so on the larger venation 
beneath ; midrib slender, subimpressed above, prominulous beneatli ; secon- 
daries very slender, 4-6 per side, arciiate-aseending, subimpressed above, 
prominnlons beneath; veinlet reticulation obscure or indiscernible on both 
surfaces; inflorescence axillary, capitate; peduncles very slender, 1-2,5 cm. 
long', densely wliite-strigose like the branchlets; heads ovate-elongate, to 1 
em. wide and 1.5 cm. long, densely many-flowered; involucral bractlets ovate, 
sessile, the lowermo>st to 6 mm. long and 3 mm. wide, sharply acute at apex, 
densely white-strigose on both surfaces ; corolla about 5 mm. long. 

Colombia— boyacA : Soata, arid slopes, alt. 2130 m., J. Cuatrecasas 1031, 
September 6, 1938, type; in the United States National Hebarinm at AVasli- 
ington. 

The New York Botanical Garden, 
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/. 1-106. 1 My 1941. 
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Braun, E. L. Notes on Keiituekj plants IV. Castanea 6: 28-30. F 1941. 
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Gamp, W. H. & Gilly, C. Floral abnormalities in Lmaria vulgaris with, notes on 
a method by which new genera may arise. Torreya 41: 33-42. pi. 1, 2. 
21 Ap 1941.' 

Campos Goes, O. Cromosoinios do algodoeiro ^^Quebradinho.’^ An. P Reun. 
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Cardenas, M. Estado actual de la quinologia boliviana. An. la Reun. Sul-Amer. 
Bot. 3: 121-133. 1938, 

Carrera, C. J. M. & Noll, W. La importancia de alguiias espeeies de Fusarium 
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Sul-Amer. Bot. 3: 51-54. 1938. 

Castellanos, A. & Perez-More au, R. A. Contribueion a la bibliografia botdniea 
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onion bulb epidermis. Am. Jour. Bot. 28: 364-371. My 1941, 

Chandler, P, B. & Hyland, F. Botanical and economic distribution of Vaceinium 
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species of Celiis, Am. Midi. Nat. 25: 348-357. /. 1-6. Mr 1941. 

Croizat, L. A signifieant new species from New Guinea: Euphorbia euonymo- 
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Duncan, W. H. A study of root development in three soil types in the Duke forevSt. 

Ecol. Monogr. 11: 141-164. /. 1-4, Ap 1941. 
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irradiated leaf extract. Plant Physiol. 16: 210, 211. /. 1. Ja 1941. 
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Stud. 5: 95-112. Ap 1941. 

Gates, B. N. Observations in 1940 on the dissemination by ants of the seeds 
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1940. V. 33: 294-309. My~Je 1941. 

Haines, L. Variation in Yucca Whipplei. Madrono 6: 33-45. /. 1~4. 15 Ap 1941. 
Hanes, C. R. Additions to the flora of Michigan. III. Papers Mich. Acad. SeL 
26^(1940): 21, 22. 1941. 

Hansen, H. P. Paleoeeology of a bog in the spruce -hemlock climax of the Olympic 
Peninsula. Am. Midi. Nat. 25: 290-297. /. 1. Air 1941. 

Hansen, H. P. Paleoeeology of a peat deposit in west central Oregon. Am. J our. 
Bot. 28: 206-212. 10 Ap 1941. 

Harter, L. L. The personal element and light as factors in tlie study of the genus 
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RELATION OF TEMPERATURE TO THE ASCORBIC ACID 
CONTENT OF COWPEA PLANTS 

Mary Elizabeth Reid 
(with five figures) 

Few investigations on the relation of temperature to the synthesis and 
aeeumnlatioii of aseurbic acid have been reported and brief mention only 
(Reid 1941) “has been made of its influence on metabolic losses of the vitamin 
in intact plants. Most of these reports have dealt with the effect of tempera- 
ture on the percentage content of the vitamin at some particular stage of 
developn^nt. There" is no previous work showing its effect on the total quan- 
tity of ascorbic acid at different stages of development. 

Kuthy (1938) as a result of experiments with, wheat, barley^ oats, and 
corn stated that more a&corbic acid is formed at 15'^ than at 10° C. Povo- 
lockaja (1937a) found that a lowering of temperature retards germination 
and growth and tends to increase the vitamin C concentration. This was 
noted partieulaidy in leg'umes. He found (1937a) that the 'rate of accumu- 
lation of vitainin C varies with the ralfe of respiration and eoneluded that 
the relation' is not fortuitous but a causal one. Moldtmann (1939) germi- 
nated seed« of several different types in darkness at different temperatures 
and determined the ascorbic acid eoirtent when they had attained approxi- 
mately the same size. The highest -ascorbic acid values expressed as milli- 
grams per cent was found in Pisum sativum and Muetia sativa grown at 
relatively low temperatures (3° C.) and deereasing values toward a high 
temperature (30° C,). In Zea mays there was a slightly higher eontent at 
the higher temperatures than at 10° C. and in Polygonum fagopyrum defi- 
nitely higher at 25° than in the lower temperatures employed (5° to 15°) . 
There was no difference in the aseorhie acid content of Ftaa /aba at ^^^^5 
and 25° and m Phaseokis' vtdgaris a higher eontent at 10 and 15° than at 5 
and 25° was found. Moldtmann eGncluded from his results that there is no 
agreement between germination temperature and the ascorbic acid content, 
— that the temperature which is most favorable for ascorbic acid synthesis 
varies in the different types. In tests with Vida faha and Pisum sativum he 
reported that differences in tempex'ature caused no change or only a slight 

[The Buixetin for October ( 68 ; 429 - 518 ) was issued October 1 , 1941 ] 
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cliaiig'e ill ascorbic aeicl content but that relatively liigii tcoiiperatiires defi- 
nitely favored respiratory intensity. 

Wolf (1938) studied tlie variations in the percentage content of ascorbic 
acid in detached leaves of BryophAjUum calycinum when kept in darkness ah 
difterent temperatures. At 20° C. the ascorbic acid content (iniekly decreased, 
whereas at 7 and 37° it had decreased little after 48 hours in darkness. 

PROCEDURE 

To determine the relation of temperature to ascorbic acid accuinulation 
and growth, studies were conducted with young plants grown at different 
temperatures,^ some in darkness and others in light. Seeds of uniform size 
were planted in washed 'white sand contained in glazed crocks of the shallow 
type. The cultures, containing twenty-five plants each, w^ere kept uniformly 
moist with tap water. Tests were conducted with three groups of plants 
groAvii in darkness, one at 22°, another at 26°, and a third at 29° C. A hu- 
midity of approxiniately 80 per cent was maintained at eacli of the three tem- 
peratures. Four cultures, grown at each temperature were used in making 
daily determinations of the green weights, dry weights, and ascorbic acid 
content. With the indopheiiol method duplicate ascorbic acid assays were 
made, ten plants being used in each. Forty plants were used in each of the 
dry weight determinations. Similar tests ivere conducted with plants grown 
ill daylight in the greenhouse, some at 24°, others at 29° C. Tests were con- 
diieted with and without the addition of nutrient solutions. 

OBSERVATIONS 

Experiments urith Seedlings Grotvn in Darkness. The maxiinum ascorbic 
acid values were lower but were reached earlier in the plants grow^n at 29° 
than in those grown at 26 or 22°. In one of the tests there wvis very little 
difference between the maximum at the two latter temperatures but in both 
tests those at 26° were reached earlier than those at 22°. There wais little 
difference in the rate of increase at the two higher temperafures diiring the 
first four days, whereas at the lower temperature the rate was definitely 
lowrer. The maximum green weight was not attained until two days later 
than the niaximum ascorbic values in each of the three groups of plants. 
The maximum green w^eight differences may be significant but tlie variations 
in different tests w^ere not always in this order and were probably caused by 
slight differences in the original weights of the seeds used in different cul- 
tures. The total fresh w^eight and ascorbic acid values per plant at suc- 
cessive stages of growth in darkness under each of the three temperatures are 
shown in figure 1. The ascorbic acid curves have three phases : one, a period 

1 Temperature cliambers in the Gold Storage Laboratory of the Division of Drnit and 
Vegetable Crops and Diseases, U.S.D .A., were employed in these experinients. 
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of very ra])id aeciinnilation at the two higher teiiiperatiires and somewhat 
less so at the lower, another of less rajiid increase when the reserves in the 
cotyledons are nearing exhaustion, followed by a period of loss. 

DAYS DAYS 


0 1 2 3 4 5 6 7 8 9 10 1! 12 13 14 IS 0 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 



0 1 2 3 4 5 6 7 8 9 10 1142 13 14 15 0)2 3 4 5 6 7 8 9 !0 11)2 13 14 15 


DAYS DAYS 

Pig. 1. Ascorbic acid (mg. per plant) and green weights (g.) of seedlings grown in 
darkness at different temperatures. PiG a 2. Ascorbic acid (mg. per plant) and dry 
weights (g. x 10) of seedlings grown in darkness at different temperatures. Pig. 3. (xreen 
weight (g.) and ascorbic acid content (mg.) of seedlings grown in light at 29° and 
24° e.' 

Separate ascorbic acid and green weight determinations of the different 
organs were made. No marked differences in either the green w^eight or 
aseorbie acid values of the hypoeotyls or epicotyls of seedlings grown at dif- 
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ferent temperatures were found. The primary leaves attained the g'reatest 
weight at 29°, but little dilferenee was found between those grown at the 
other two teiiiperatiires. The maximum ascorbic acid values in the leaves 
of 10 seedling's was 0.59, 0.54, and 0.49 milligTams at 29, 26, and 22° re- 
spectively. In eontrast, in the roots the maximum green weights were 3.1, 
4.0, and 3.9 grams and the ascorbic acid values were 0.41, 0.80, and 0.77 
milligrams at the high, medium, and low temperatures respectively. 

The most rapid s,ynthesis of ascorbic acid from the food reserves in the 
cotyledons and the most rapid depletion of the reserves as evidenced by a 
visible loss of plumpness and a decrease in dry weight were observed at 
29°. This may be noted in the appearance of the cotyledons of five-day-old 
plants at each of the three temperatures as shown in figure 4:.‘^ The maximum 
ascorbic acid values were observed in the cotyledons at 29° after 24 hours, 
at 26° after 48 hours, thereafter decreasing in both sets. At 22° the maxi- 
mum value was found after two days and was maintained at approximately 
the same level until the fourth day. Shedding of most of the cotyledons 
occurred by the sixth, eighth, and tenth days at 29, 26, and 22° respectively. 

The effect of temperature on rapidity of decrease in dry weight at siie- 
eessive stages of development is shomi in figure 2. The dry weights continued 
to decrease for approximately two days after the total green weights ceased 
to increase. During this period growth continued as measured by the in- 
creasing length of the stems (epieotyls). Loss in fresh weight of the hypo- 
cotyls at this stage was responsible for the lack of increase in total green 
weight. The results tend to show that the final dry weight is approximately 
the same in plants grown at the three temperatures, suggesting that although 
the rate of respiration varied, the total amount of respiration w^as approxi- 
mately the same. 

Experinients with Plants Grown in Light, These experiments w^ere con- 
ducted during the winter months when carbohydrate synthesis was greatly 
limited by the low light intensity and also by the short daily periods of 
illumination. With the restricted carbohydrate supply only a slight effect 
on growth resulted from the addition of mineral nutrients. 

Results of the tests with plants grown without added nutrients are shown 
ill tables 1 and 2, and figure 3 shows graphically the differences in total 
green weight and ascorbic acid values at successive stages of development of 
plants grown at 24° and at 29° C. It was not possible to maintain a fairly 
uniform temperature at a level lower than 24° in this test. During the first 
two days of the experimental period the temperature was approxiinately 29° ' 
for the two groups of plants. Between the second and third days, following 
the shifting of half of the plants to a temperature of 24°, differences in the 

2 The leaves of tlie plants, espeeially those of tlie plant groivn at 26 ®, beeatne some- 
what green daring the time of photographing. 
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gTowtli rate were observecL This was at the time the plants were beginning 
to emerge above the sand. It has been >shown previously (Eeicl 1938) that the 
most rapid development of the mesophyll tissue and of increase in total 



Fig. 4. Five-day-old seedlings grown in darkness at 22, 26, and 29° 


ascorbic acid in the leaves of cowpea plants grown in the light at 29 C. 
occurs between the third and fifth days* In the entire plant the rapid rate 
of gain in the total content of vitamin C continues until the sixth to the 
Figures 4 and 5 are published with the aid of the Lueien M, Underwood Memorial 

Fund. 
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TABLE 1 

Green weufliis (ej.') of organs of plants grown in light, some at 
others at 34° C. 


240 



1 

0.30 

0.0 




0.32 

0.28 

0.0 

0 



0.30 

0 

0.29 

0.06 

0.07 

0.013 


0.44 

0.32 

0.04 

0.06 

0.01 


0.43 

3 

0,28 

0.12 

0.11 

0.04 

0.012 

0.56 

0.32 

0.07 

0.06 

0.031 

0.005 

0.48 

4 : 

0.22 

0.23 

0.25 

0.10 

0 . 04 . 

0.84 

0.30 

0.12 

0.11 

0.06 

0.015 

0.61 

5 

0.16 

0.26 

0.41 

0.24 

0.13 

1.20 

0.26 

0.23 

0.19 

0.11 

0.05 

0.84 

7 

0.07 

0.21 

0.78 

0.37 

0.16 

1.59 

0.11 

0.20 

0.51 

0.33 

0.10 

1.25 

9 


O.IS 

0.85 

0.42 

0.20 

1.65 

0.09 

0.15 

0.84 

0.40 

0.11 

1.59 

11 


0.16 

0.96 

0.50 

0.21 

1.83 


0.15 

1.07 

0.54 

0.14 

1.90 

13 


0.17 

1.05 

0.55 

0.29 

2.06 


0.15 

1.13 

0.54 

0.14 

1.96 

15 

: 

0.17 

1,25 

0.54 

0.41 

2.37 


0.15 

1.36 

0.60 

0.17 

2.28 


TABLE 2 

Total ascorhic acid (mg.) in organs of plants grown In light, some at 30° C., 

others at 34° 0. 


29° 


24 ° 




o ' 

w ft. 


.60 g 
Si cS 



1 

0.032 

0.009 

0.002 


0.043 

2 '' 

0.055 

0.018 

0.019 

0.017 

0.003 

0.112 

3 

0.066 

0.028 

0.027 

0.054 

0.005 

0.180 

4 

', 0.050 

0.028 

0.059 

0.117 

0.010 

0.264 

■5 

0.010 

0.014 

0.073 

0.230 

0.014 

0.341 

7 

0.006 

0.018 

0.159 

0.257 

0 . 025 ' 

0.465 

9 


, 0 . 0"22 

0.162 

0.307 

0.033 

0.524 

11 


0.024 

0.219 

0.346 

0.045 

0.634 

13 


0.024 

0.250 

0.326 

0.061 

0,661 

15 


0 . 027 ' 

0 . 235 , 

0.326 

0.162 

0.750 


0.033 0.009 

0.074 0-.017 0.015 
0.080 0.029 0.020 
0.075 0.031 0.033 
0.069 0.030 0.043 
0.027 0.023 0.129 
0.010 0.017 0.237 

0.020 0.282 

^ 0.020 0.286 
0.023 0.285 


0.002 0.044 

0.011 0.001 0.118 
0.033 0.003 0.165 
0.070 0.006 0.215 
0.140 0.014 0 . 2.96 
0.359 0.024 0.562 
0.324 0.022 0.610 
0.420 0.020 0.742 
0.393 0.028 0.727 
0.422 0.080 0.760 
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Fig, 5. Fifteen-day-old seedlings grown in dayliglit at 24 and 29 ^ C. 


seveiitli clay. After the fourth clay when the stored reserves are nearing 
exhaustion the gain is presumably chiefly a consequence of photosynthetic 
action in the niesopliyll tissue. The chief eifeet of a lower temperature after 
the seedlings are about to emerge is a retardation in the rate of development 
of the mesophyli, and simultaneously in the rate of ascorbic acid synthesis. 
The differences in the rate of ascorbic acid accumulation are not so great 


as tlie difference in the rate of growth at the two temperatures. During the 
period of extensive development of mesophyli at 24° the total aseorhie acid 
increased until it exceeded that of the high temperature-plants. Between 
the thirteenth and fifteenth days the mesophyli of the first set of compound 
leaves developed considerably and more so at 29° than at 24°, thus causing 
an appreciable increase in the total content on the fifteenth day. Had the 
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cxpcriiiiciit coiitiiiiiccl mitil tliG coinponiicl Iccii ot tli6 24 -plBiitis licicl iCdcliGcl 

a like stage of development, the former difference in total, ascorbic' a.cid 
content might have again been re-established. The 24° -temperature eonld 
not be maintained after the fifteenth day, lienee the experiment ivas ter- 

miliated. 

Tlie most eoiispieuoiis difference in the appearanee of the two groups of 
plants was the longer epieotyls and hypocotyls and liner, more flexible, and 
more profusely branched roots of the high temperature plants. The dif- 
ference ill the appearance of the plants is shown in figure 5. The roots of 
plants in another experiment conducted at 18—20° C. had more marked 
differences as compared to those of the 29°-plaiits than had those of the 
present experiment. The roots Avere relatively large in diameter, they were 
extremely brittle and not much branched. The leaves WT^i'e of a distinctly 
paler green color than those of the high temperature-plants. 


Mefaljolism Exijerimenfs. Most of these experiments were eondneted 
during periods of relatiAmly high light intensity, hence there Avas considera- 
ble groAvth response to fertilizers. Plants of approximately luiifonn size and 
appearance w^re employed. Green weight and ascorbic acid determinations 
were made in the afternoon preceding the test period. At the time the 

TABLE 3 


Summary of results of five tests on the metabolism of aseorhie acid in seedlings 
kept at different temperatures 


Plants tested in p.ni. 
previous to being 
kept in darkness 


C 

o 

g 



Plants tested in a.m. following a 12- to 18-liour 
period in darkness 


Low tempo ra tnre 


H igl) e r 1 1 * in p ( M’ a t u res 


i § 


ft I 
a> ^ 


JD ^ Qj 

tjjT: ^ ^ 

^ ^ r?' -+.3 


.s fl « 

0.1 Qj 

Ph Eh 


(L 


17- 

13° 14.91 5.23 +G.4 24° 15.61 
8° 41,44 15.68 -3.1 27° 43.22 


5 : 30 p.iu. 
" Dec. 3 
3 : 00 p.m. 
Mar. 28 
3: 00 p.m. 

Apr. 21 
3 *. 00 p.m. 

Apr. 29 
2: 00 p.m. 
May 6 


g. mg. 
15,40 5.21 

42,07 16.19 

20.67 6.91 

12.1B ..4.94 

18.09 6.15 


0 : 30 a.m. 

Lee, 4 
9 : 00 a.m. 

Mar. 29 
9 : 00 a.m. 

Apr. 22 
9 : 00 a.m. 

Apr. 30 
8 : 00 a.m. 
, May 7, 


8° 22.49 
15° 12.72 
20° 18.50 


7,30 +5.6 
4.80 -2.8 
5.87 -4.6 


27° 23.58 
27°' : :13.43 
27°' 19.05 


mg. 

4.77 - 8 
12.62 -21 
5.80 -16 
„ 4.18 , - 15' 
5A:9" 
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ascorbic acid assays were made, comparable cultures were placed in dark 
chambers kept at different temperatures. The low temperatures ranged in 
different tests from 8® to 20° C. and the high temperatures from 24° to 
27° C. Duplicate determinations, five plants being used in each, were made 
of the green weights and ascoi'bic acid content of the different organs. In 
the experiments herein reported, the results were obtained with plants which 
received mineral nutrients. 

Table 3 summarizes the results of five tests in terms of total value per 
plant. The results of the experiment conducted on April 29 show'' that there 
was relatively little difference in green weight (+4% ) and in the ascorbic 
acid content (-2.8%) of plants kept for eighteen hours in darkness at 15°, 
whereas in those kept similarly at 27° there wus a 9 per cent higher green 
iveight and a loss of 15 per cent in total ascorbic acid. 

In another experiment (March 28) in wdiich somewdiat larger and older 
plants w^ere used, cultures kept for 18 hours at 8° show^ed no apparent gain 
in green weight and only a slightly lower ascorbic acid value (3.1%). Similar 
cultures kept at 27° appeared to gain only slightly in green weight and 
showmd a loss of 21 per cent in total ascorbic acid. In the December 3-4 test, 
the plants were kept in darkness only 12 hours. The decrease in ascorbic acid 
in the plants kept at 27° was only about 8 per cent. The loss wuiild probably 
have been soniewliat greater if the plants had remained in darkness for 18 
hours and also if the temperature had been kept at approximately 27° as \vas 
true in the other four tests. In all the tests the losses were found in the tops, 
particularly in the leaves. 

DISCUSSION 

The results of these tests show that the temperature of germination influ- 
ences the ascorbic acid content in cow^pea seedlings with respect to the total 
(piantity present at the different stages of development, to the maxiinum con- 
tent, and also to the final content. The temperature which favors rapid 
ascorbic acid accumulation is one which also favors rapid mobilization of the 
stored food reserves. 

There is a suggestion in these results that the temperatures which are 
favorable to germination, if continued for a certain length of tiiiie, may be 
those which also permit considerable ascorbic acid aeeumulation. The lack of 
agreement between the temperature for gennination and the ascorbic acid 
content in different types of seedlings in Moldtmann’s experiments is not 
surprising. The types of plants which he used are known to vary with respect 
to the temperature W'hieh is most favorable for germination and early growth 
of the seedling. Eelatively low^^ germination temperatures are generally con- 
sidered best for Avena sativa and Pisum saiivum^ slightly higher tempera- 
tures for Zea mays and Phaseohts vnlgaHs^ and still higher temperatures for 
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Polygomim fagopyrum. Vicia faJba does well over a wider range of tempera- 
tixres. These ’^^ariations among different types of plants witli respect to tlie 
iiiflueiiee of temperature upon germination agree fairl.y well witii tlie varia- 
tions in. ascorbic acid acciimiilation at different temperatures as reported by 
Moldtmaiiii. His observation that differences in temperatnre had imirked 
effects on respiratory intensity but caused no change or only a sliglit eliange 
on ascorbic acid content during a four hour respiratory test-period in seed- 
lings of Ticia /a&u grown at 12°, and of Pisum satimmi grown at 25°, differs 
with respect to the ascorbic acid values from the present results wdth coAvpea 
seedlings, and also with his OAvn results wdtli Pisum as previously mentioned. 
More than a very small production of ascorbic acid wo'tli four- to seven-day- 
old seedlings would not be expected during a four-hour test-period. In that 
length of time one might expect the order of change to be no greater than tlie 
experimental error. The vitamin 0 values Avhicli Moldtmann obtained at 35 
to 40° in the respiration tests are, hoAvever, actually lower botli Avith Pisum 
and Ticia than those found at 25° and 3-5° C. 

In the present tests high temperatures also favored high respiratAiry 
intensity as evidenced by greater rapidity of loss in dry Aveight but they also 
caused a definite difference in ascorbic acid content, — first, a tendency to 
a more rapid accumulation leading, hoAA^ever, to a loAA^er maximum A^^alue and 
later, to a greater loss. The Ioaaw maximum value found at 29° on the fourth 
day suggests the possibility of previous losses, that is, that the quantity found 
on the fourth day does not represent the entire amount Avliich Avas synthe- 
sized. It is possible, hoAA’ever, that the loAver maximum value results from a 
loss ill content of the vitamin precursor. Nightly losses in ascorbic acid have 
been shoAvn previously (Reid 1941) to occur by the sixth night in eowpea 
seedlings groAvn under normal alternations of daylight and darkness. This is 
the time of exhaustion of reserves stored in the cotyledons. Similar losses pre- 
sumably may have occurred during the earlier phases of groAAdh, but were 
not measurable because synthesis from a stored precursor was greater than 
the loss. 

The difference in the effects of temperature on total ascorbic acid a,ccumu- 
lation ill seedlings of cereals as reported by Kuthy (1988) and Moldtmann 
(1939) may possibly be caused by a difference in stage of development of the 
plants tested. The former investigator employed ten-day old, seedlings 
whereas the latter disregarded age, using seedlings in an early phase of 
deA’^elopment AAhich had attained a definite size. 

Similar, though more pronounced effects of high temperatures upon the 
ascorbic acid content of animal tissues have been observed. Martini and 
Torda (1937) kept guinea pigs in chambers for an hour or two at 40-46° G, 
and killed them after an acceleration of pulse and respiration were noted. 
2 he ascorbic acid content of the liver and adrenals was less than half and 
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that of tlie brain sligtitl}" more than half that of the controls not exposed to 
the lieat. These investigations also found that injection of the vitamin into 
gTiinea pigs seemed to render them somewhat more resistant to the high tem- 
peratui’e. Losses of ascorbic acid are also Imown to occnr in the tissues of ani- 
mals liaving fever producing-infections but it is not known dednitelv that 
the loss is a direct consequence of the increased temperature. 

The results of the metabolism tests show that there tend to be losses at 
night at relatively high temperatures and no or only slight losses at tempera- 
tures so low as to inhibit growth and presumably respiration also. Sup- 
]30sedly at intermediate temperatures there wmuld be some loss but less than 
at high temperatures. In the results of the May sixth experiment there is a 
suggestion that this is true, although tests with larger numbers of plants 
would be required to answer the question definitely. The results of the 
metabolism tests afford a possible explanation of the higher ascorbic acid 
content after the sixth day in the low temperature-plants grown in the light, 
the gain in ascorbic acid being possibly caused not so much by increased 
synthesis as by a slower rate of metabolic loss. It is difficult to account for the 
.marked loss in reducing value at 20° but not at 37° C. found by 'Wolf (1938) 
in segments of detached leaves of Bryophyllum calycinum when kept in 
darkness. It would be of interest to know whether or not the respiratory rate 
in leaves of this type is low^er at 37° than at 20°. 

The effects of temperature upon the ascorbic acid content of seedlings 
may be said to involve relations (1) to the rate of its production from the 
stored food reserves, (2) to the rate of metabolic loss, and (3) to the time 
of emergence of the seedling above the soil. Cowpea seedlings which emerge 
to the light quickly, when grown under customary field conditions, can ap- 
parently tolerate a relatively high rate of loss because the early development 
of leavenS causes them to soon become independent of stored reserves. Seed- 
lings such as those of Pisuni which emerge much more slowly, and especially 
those whose leaves develop slowdy, are not favored by high temperatures 
during their underground phases of development. Low temperatures in 
Pimim allow synthesis of ascorbic acid and apparently tend to conserve it. 

There is increasing evidence from various sources that whether or not 
this vitamin is of importance in relation to growth, plants do not thrive 
during their vegetative phase of growth except under conditions which per- 
mit an inerease in their total ascorbic acid content. There is evidence also, 
as is here shown wdth cowpea plants, that in independent green plants 
measurable inereases oeeiir only during periods of illumination. 

. nummary, 

The rates of aeenmulation and disappearance of ascorbic acid, as well 
as the respiratory intensity and rate of growth of cowpea seedlings in dark- 
ness are successively higher at temperatures of 22, 26, aud 29° 0. 
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Differeiiees in tiie total ascorbic acid content ot plants ^towii at diffcvreut 
temperatures are associated with differences in the aiuonnt and t\'|)e ot 
gTowtli of different organs. 

It is suggested that the lower maximum vitamin C content ot seedlings 
grown ill darkness at high temperatures may be a result ot a gi'cater meta- 
bolic loss of the Autamin or, less probably, of decreased syntliesis. 

Within an eigliteeii-hoiir period in darkness, apprei^iable losses of ascor- 
bic acid from light-grown plants occurred only under tern [lerati ire condi- 
tions which were favorable to growth. 

There is a loAver total ascorbic acid content of the plants grown in light 
at 29^" as compared to 24°. Eeasons are advanced to suggest tliat it may be 
chiefly a consecpience of a more rapid rate of metatiolie loss rather* than of 
less rapid synthesis. 

National Institute of Health, U. S. Public Health Service 
IN cooperation with 
Division of Forage Crops and Diseases 
F. S. Department op Agriculture 
Arlington Experiment Farm 
Rosslyn, Virginia 
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STUDIES IN THE ERICALES: A REVIEW OF THE NORTH 
AMERICAN GAYLUSSACIEAE; WITH REMARKS ON 
THE ORIGIN AND MIGRATION OF THE GROUP 

W. H. Camp 

INTRODUCTION 

111 liis Manual, Small treated tlie Nortli Ainericaii liuckleberries as three 
genera different from Gaylussacia,^ Sliortij'' after, in the first of this series 
of Studies,- I questioned the advisability of these segregations primarily on 
the basis of our incomplete knowledge of the South American material. It 
has since been necessary for me to study certain species from that region in 
some detail. At tlie same time the available material of the genus was re- 
examined and the literature of the group brought together in greater com- 
pleteness. The results of this survey are presented here. 

The Gaylussacieae, a tribe of the Vacciniaceae [or if one prefers a 
broader phyletie interpretation, a tribe of the subfamily Vaccinioideae of 
the Ericaceae] is limited to the western hemisphere,^ the greatest coiieen- 
tration. of species being in southeastern Brazil. Since it seems apparent that 
the group arose in South America, where only one genus is recognized, no 
taxonomic segregation should be attempted until the material of that eon- 
tinent has first been studied, at least in some detail. So far as I can ascertain 
this has never been done. 

The more common and wddespread of the North American Gaylussacieae 
were, for the most part, described first as species of Yaccinium. We there- 
fore find that the earliest literature dealing with them as a group was pri- 
marily concerned wdth their separation from this genus rather than from 
the South American type oi Gayltcssacia. Although Gaylussacia was de- 
scribed in 1818 on the basis of Colombian and Venezuelan material, it was 
not until 1841 that the North American forms now placed in the tribe were 
suspected as being fundamentally different from Yaccinium.^ The group 
was then given the provisional name Decackaena T. & G. The same year 
Nuttall presented a paper in which the North American material known to 
him was held as separate from both Gaylussacia and Yaccmium^ the empha- 
sis being placed on its difference from the latter genus. In this paper, ^ imb- 

1 Small, J. K., Manual of the Southeastern Flora, pp. 1007-1010, 1506. 1933. 

2 Gamp, W. H., Bull. Torrey Club 62: 129-132. 1935. 

3 The Bornean sometimes placed in the Gaylussacieae, seems to have closer 

affinities with the Taccinieae. 

4 Gray, Asa. Am. Jour. Sci. 42: 43. 1841. The same note may be found in Gray, Asa. 
Lond.'.Jour.:'Bot. 3: 234. 1844.,,;.. 

'^ Nuttall, T. Trans. Am. Phil, Soe. II. 8: 259-261. 1842. Although the date of this 
publication is generally given as 1843, there is evidence that the part containing the above 
cited '.pages' appeared in December, 1842. 
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lislied ill 1842, lie proposed the name Decamerium for tlie ^‘roniu Tlie 
following year Torrey** placed those species with which he was co]i(?eriied in 
And, except for a brief and abortive iioineiHlatiu’al exmirsion 
led by Kiintze” into Adm/r/ip they remained there until 11)31. hinding* that 
he could make some new nomenelatura] combinations, Aslie'* in that year 
revived the name DecxryneTium and dumped into it all tlie North Ameidean 
species which, because they were either misunderstood or iinlmown to liim, 
had not been included by NuttalL Two years later Small (lx.) resurrected 
Decachaena, placed part of the North American species undei* it and ei’eeted 
two additional genera for the remainder. 

If Ave take up the problem of Decacliaena T. & G. (1841) vs. I)ec(inieri){m 
Nutt. (1842), there is little argument. The brief and informal disvussion. by 
Gray in a footnote (Lc. 1841), Avherein he refers to it as '' DccdcJiaena Torr, 
ef Gray ined./' can scarcely be taken as a valid description, even tliongh 
there is a reasonably clear outline of the diagnostic characters ol* tlie group 
separating it from Yacchiiiini as well as mention of the type and additional 
species which he intended it to contain, Ashe's note {lx. p. 197) where he 
states that '‘the name [Dexachaena] apparently Avas given only a su!)generic 
significanee " is obviously incorrect, otherwise both Torrey (/.c.) and Gray** 
AAnuld not have listed it as a synonym of Gayhmacia cotaiual witli Deca- 
merium Nutt. The important fact is that Gray did not give us a formal 
description of Decachaena in 1841 and, before he could, Nuttall had already 
published his Decamerium. Its status, therefore, is only that of a nomen a;nd 
should have given way to Decamerium. in Smairs treatment. HAiwever, 
Decachaerui is available as a subgeiius or section and, altliougli applied too 
broadly, has already been used as such by Druded'' 

THE SOUTH AMERICAN SPECIES 

Before Ave become lost in a discussion of the less interesting Init necessary 
nomenelatural history of the group, let us turn to the material iHpn'esenta- 
tive of the bulk of the tribe — to the South American species. 

It is not my intention to treat the South American material in anything 
approaching a satisfactory manner either in this place or in the immediate 

6 Torrey, John. FI. N. Y. 1: 448-449. 1843. 

VKimtze (Rev. Gen. 1891) transferred forty-eight vaeciniaeeous plants—mainly of 
the genus Gaylussacia~-mto My conclusion that Adnaria does not belong 

in the Vacciniaceae hut in the Styracaceae is discussed in a paper now in press (Casta- 
HEA) under the title '' Studies in the Ericales: The Search for Adnaria odorata lUf., and 
nr&irOts ohCasiTohws Baf.^' Since Adnaria Raf. (1817) iwoperly belongs to the Styraca- 
ceae the conservation of Gayttissacia H.E,K* (1818) over it was unnecessary. 

[The paper mentioned above has since appeared; Castanea 6; 80-83. 1941.1 

s Ashe, W. W. Rhodora 33: 197-198. 1931. 

9 Gray, Asa. Synop. FI. N. A. Ed. I. 1878; Ed. 2. 1886. 

loPrude, 0., in Engl.-Prantl, Nat. Pdfam. 4U 50. 1889. 
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future. Tlie assembling of material adequate for a definitive taxonomic treat- 
ment is impossible at the present time. The genus is poorly collected, many 
of the species being known only from the types or from a few scattered 
examples ; the area wherein we find the greatest concentration of described 
species is in need of considerably more botanical exploration ; and, because 
of the complicated and interlocked variabilities of the collections now before 
me, it is obvious that a personal knowledge of the plants in the field would 
be most desirable. But, even so, there is sufficient material at hand to give 
us a reasonably clear picture of the genie reaction-pattern of the group. 

Characteristically, the South American members of the Gayliissacieae 
are small or medium-sized shrubs, often with underground rhizomes, and 
writh, relatively small, persistent and often pubescent leaves. The majority 
of the species bear gland-hairs on various of the organs, a common trait of 
tlie Ericales ; and the inflorescence is generally racemose, often with per- 
sistent leafy bracts. 

When one examines this material, it is apparent that evolution has 
progressed along several lines. The leaves may have become reduced, par- 
ticularly in width, often, with their margins revolute, and they sometimes 
may be essentially glabrous. The giand-haii-s have evolved into two general 
types: (1) elavate-stipitate structures, their filiform bases vaiying consid- 
erably in length, the glandular portion with no visible pellicle, and (2) capi- 
tate, subsessile glands with an obvious pellicle. There also appear to be forms 
transitional between these two gland types. It is also apparent that several 
of the lines have given rise to forms which rarely bear glands of either type 
except perha|)s for a few scattered on the inflorescence or along the leaf 
margins or, on occasion, these may be lacking. In the more highly evolved 
forms the primitive, persistent, leafy bracts of the inflorescence may be 
reduced to mere bracteoles and become early-caducous. In these forms it is 
not unusual for the racemes also to be reduced. The flowers, although vary- 
ing considerably from species to species, do not seem to show any basically 
different structures. It is certainly evident that the inflorescence patterns 
and flower structures of the South American forms do not exhibit the wide 
diversity found within the genus Vaecinium (sensti lato). 

In my examination of the available South American material I have 
noted the pi^esenee of relatively well marked sections or species-groups, par- 
ticularly toward the ends of the several lines of evolution where marked 
divergences in habit and structure are obvious. Yet, when the group is 
viewed as a whole, these lines seem to become tangled in a common plexus 
so that, for the present at least, I am at a loss to find any combination of 
characters which would serve to separate them into clearly defined or easily 
separable units of more than subgenerie rank. But this statement is made 
with certain reservations, for I have as yet made no attempt to compare the 
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correlated leaf, g-laiid, and infioreseeuee types and corolla forms, either with 
tlie known differences in anther-filament ratios (which may be inei*ely a 
function of corolla length) or the differences in pubescence of the filaments; 
and. what is more important, I have been unable to re-examine in any com- 
pleteness the carpel morphology of the various South American species. This 
last task will be essential in a definitive study of the group, and. might serve 
to exclude from the tribe certain of those forms which appear to be pecu- 
liarly aberrant. 

Briefly, then, with specimens of a reasonable majority of the South 
American Gayrussaeieae before me, I am unable to discern any points of 
difference of sufficient magnitude which, for the present, would lead me to 
separate the group into segregate genera coequal wuth GaylussacAa as typi- 
fied by G. bux) folia H.B.K. However, sectional and subsectional units may 
be recognized, if only for convenience in systematic treatment. 

THE RELATIONSHIPS OP THE NORTH AMERICAN SPECIES 

It is to be admitted without argument, if one deals solely with the North 
American species, that they fall into three very well marked groups. 
Furthermore, these groups are so distinct in their general appearance and 
detailed morphological characters that one readily suspects that they have 
had separate origins and represent different kinds — or genera — of plants. 
It is obvious that Small came to this conclusion wdiile preparing his 1933 
Manual. And it is to be admitted that I, too, at times in my general writingvs 
and remarks, have been sTvayed toward this viewpoint, being too much 
influeneed by the ^‘weight of authority.’’ 

>Small (Man. p. 1007) left no doubt that he considered the North Amer- 
ican material to be different from the South American for he says: ^^This 
[Decaehaena] and the two following genera [Lasiocoeeus and Buxella] are 
often included in Gaylussaeia which, however, technically considered, forms 
a group of plants confined mostly to northern South America.” Small had 
ample precedent for keeping the North American and South American 
forms separate, for we find the North American material treated by pre- 
vious authors as follows : 

Nuttall (Z.r. 184:2)— Deeafnermm. 

Hooker f.^^ (1876) — Gaylussacia Sect. Decamermni: and Sect. Vitis-iclaea 
{-Buxella BToaall). 

Drucle (Lc. 1889)— Gaylussacia Subgen. Decaehaena: and Subgen. Fsetido- 

lima {-Buxella Small). 

Ashe (Z.c. 1931)-— I)ecam mu ?n. 

In the foregoing list, it is interesting to note that the two students of our 
local flora ^Nuttall and Ashe— applied a single generic iiaine to all our 

iiHoolier f., In Bentli. and Hook. f. Gen. PI, 2: 573. 1876. 
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North American material, keeping* it separate from Gaylussacia; whereas 
the systematists — Hooker and Driide — recognized two sections or siibgenera, 
but kept these separate from the South American Eiihissacia (Hooker as a 
section, Driide as a siibgenns). And as further corroboration of this view 
that tlie North American and South American Gaylussacieae are separable, 
Sleiimerd^ in his current systema of the Vaccinioideae (as a subfamily of 
the Ericaceae) treats the Gaylussacieae as a tribe consisting of the single 
genus Gaylussacia, but having in it the following three divisions : 

Sect. 1. Dccachaena — all North American species except one. 

Sect. II. Vitis-idaea — the North American G. hrachycera (Michx.) Gray. 
Sect. III. Eulussacia — all South American species. 

Thus, for a century, the eoiitinuity of the concept that the North Amer- 
ican Gaylussacieae are phyletically separate from those of South America 
has been maintained. 

Let us noAV briefly examine the North American genera as defined by 
Small and see in what mannei' — and ^technically considered” — they differ 
from the general pattern of the South American group. We shall first con- 
sider Lasiococcus, 

As defined by Small, the genus Lasiococcus consists of three species : 
i, dumosus, a species of the Coastal Plain from Louisiana to Florida and 
northward to Newfoundland ; L. Mosieri, locally abundant on the Coastal 
Plain mainly, in Florida and from there to Louisiana ; and L: orocola, known 
from a single locality in North Carolina. 

Small descriptions ai*e, with one exception, ample. He has not men- 
tioned the type of gland-hair characteristically present on the leaf, the 
inflorescence, and hypanthium (or in maturity, the fruit). In this group 
of species the glands are clavate-stipitate and do not have an obvious 
secretion-pellicle. 

If w^e now' consider L. Mosieri and compare it wuth certain Brazilian 
species (e.g. Gayli(ssacia pseudogaultheriu Cham. <& Schlecht. ; G. liispidtila 
Meissn.) hve note a great similarity. In fact, I have speehnens of Lasiococcus 
Mosieri before me which I cannot easily separate from individuals of 
Gaylussacia pseudogaultheria,^ species known from the States of Parana, 
Minas Geraes, ete.^*^ It is also obvious that these species are part of a complex 

12 Sleimier, H. Taecinioideen-Sttidieii- Bot. Jatirb. (Sond.-Abdr.) 71: 375“510. 1941. 

w The question will immediately arise as to why I do not here place L. Mosieri '"m 
syiion 3 miy under G, pseuilogmltheria. l have not done so solely for the reason that the 
speeimens of both species before me exhibit certain variations which must’ be considered 
only in the light of the type of the Brazilian form, which I do not have. The decision 
whether G. should be broadly defined so as to inehide X. Mo.S’ien, or 

whether it should be rigidly delimited into two groups, so that L. Mosiei'i would include 
part of what is now considered to be G. pseudogmltheria^ must wait for a definitive treat- 
ment of the group and a comparison of the types of both. It is sufficient only to point 
out at the present time that I am unable to separate certain forms from Florida and 
Brazil into different species. 
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related uia G. amttzonica Huber of the Ainazouiaii iow-lancl cdiHpos and 

G. cacauminis A. C. Smith of Mt. Duida (Venezuela) to 0. burifoUa II.B.K., 
a Venezuelau and Colombian species, the type of the genus. 

It is also worth recalling that, on a recent trip to tlu^ southeastern 
Coastal Plain (March, 1941), I noted that L. dummuti luul persistent leaves, 
at least iiortlnvard into North Carolina. In Florida, L. Moaieri often retains 
its leave.s in a, living condition throughout the winter and well into tlie next 
season, at least until the flower.s are present and the new set of leaves is 
well developed. Persistent leaves are, of course, characteristic of tlie South, 
American members of the tribe. 

So far as the g’eiieral pattern of the plant is concerned L, orocola <ip])ea.rs 
to oeeiipy a position somewhat intermediate between L. chi rn os us and. 
L. 3Iosieri. If the material had come from the Coastal Plain it niij»‘lit be 
thought to be only an intergrade form. However, its presence^ in only one 
place, and this an isolated, high-altitude, swampy area near .Hat Roek, 
Henderson Co., North Carolina — in the general region of tlie Blue Kidge 
which I recognize as beirig rich in archetype erica, ceoiis species — leads me 
to suspect that this species or its immediate ancestor may have been intro- 
duced into North America in remote times and that this single known 
locality represents a marked restriction of a once miich wider range. It 
should be sought for further in similar areas in the Southern Appalachians 
and Inner Piedmont. Because of the accumulation of morphological reduc- 
tions characteristic of the species, it is obvious that, within its group, the 
more northerly ranging L. dumosus is a derived form. 

In the absence of any cytologieal data, no phyletic sequence will be given 
for these three species. It is to be noted here only that these tliree North 
American forms, segregated by Small into the genus LasioGoccus, ai‘e closely 
related and have the same plant habit, infiorescenee tyyie, stipitate glands, 
etc., characteristic of a group of South American species of of 

which one is the type of the genns. Furthermore, if LasiocoGCUs Small (1933) 
could be held as separate from Gaylussacia the name would havi^ been an 
xinfortiniate clioiee, being eonf usable with the previously described Lasich 
coGca Hook. f. (1887), one of the minor genera of Oriental BuplHuliiaeeae. 

Our next group for consideration is Decackaena (sensii Small non Gray). 
Here I recognize five species. These differ from the foregoing group by 
having capitate, siibsessile glands which, at maturity, exhibit a well-marked 
pellicle filled with secreted resinous substances'^^ as well as additional (but 

In many instances, as on mature organs under natural conditions or on lierbarium 
material, tliese globules have collapsed by rupture of the pellicle, leaving the resinous 
‘ ^ spots characteristic of the group, together with the remnants of the secretion cells. 
In the foregoing group of species, the stipitate glands either contain the oil withm the 
cells or secrete it on their surfaces without the formation of a notably distended pellicle. 
Because of their differences in viscosity, adhesiveness and drying qualities, it is niy opinion 
that the basic compounds secreted in the two grouj)s may be chemically dissimilar. 
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not coiistniit) (iiffei*eii(ies in. habit, lea.t form, inflorescence pattern and 
flower sliape. 

i):t tlie tliree ^‘sections’’ or species-g:ronps' previously reeognixied by me 
in the Noilfi Airiericain nienil)ers of tliis ^'roiip (Gamp, l.c .) — in the present 
|)aj)er (billed subseclions — it is to be noted that one, tlie Baccatae, has the 
resinous j^’lands on botli tlie upper and lower surfaces of tlie leaf, althongli 
tliey are ninch better developed on the latter. Both the Ursinac and Frcrn- 
dosae liave tliese jj^lands limited to the lower surface. 

Of tlie five species in tliis series, tliree (G. haccata, G, 'tiana and G. ionien- 
tosd) have mueli tlie same g“e,nera} habit, being smallish slirubs much given 
to the formation of extensive clones. Conversely, the remaining two 
(G. frond osa and G, ursina) are generally taller iilants (particularly 
G. frondosay wliicli may sometimes reach 3 meters), neitlier of which form 
tlie (‘xtensiv(‘, matted clones characteristic of the previovis three, although 
tliey do spread to a certain extent by means of rhizomes. 

It was only natural for Gray when he described the entities nana and 
tonienlosa to (anisider them merely as varieties of G. frondosay a plant with 
wlii(di he was personally familiar. Their smaller stature would also lead 
one to the ('onehision. tliat they were only variants (possibly due to liabitat) 
of tlie more widespread species. It is dangerous to extrapolate one^s infor- 
mation too far, yet unpublished data available to me gives clear evidence 
tliat the archetype, diploid species of Vaccinium are, for the most part, 
low foi’ins spreading extensively by underground rhizomes, whereas their 
t(d;raploi(l derivatives invariably are coarser plants and generally less given 
to tlie formatioii of extensive clones. As a further extension of this general 
lirinciple, certain of the derived hexaploid forms may, in favorable situa- 
tions, reaidi a iieight of 8 meters, often being eompaid. monopodial slirnlis. 

Ii‘ tlie Qaylussacieae follow the general pattern of the Vaccinieae (which 
seauns (I'uite likely) we therefore should be wary of considering the entities 
nana and iomimlnmi merely as varieties of G\ frondosaj rather,/ it is more 
.likely that the wlde-i-anging. G. frondasa lias been derived fixnn one ' (possibly 
narui) or even by all<)|)()]yploidy from a eombination of both. For this reason, 
and until tlie cytologieal picture-, of the group is known, I prefer' to treat 
these three as distinct entities of ■■specific rank. G. baceata is, , incidentally, 
known to be a diploid species and is isolated from those forms which I sus- 
pect are diploids by differences, in ecological preferences'; at., least its ■ rang.e 
is diffe.rent., ■ . 

If we turn our attention once more to the Sontli American material, it 
is obvious that suhsessile giancls with pelliculate membranes are character- 
istic of anotlier group of species (e.g. (A ooiosperma Gardm, G. ledifoUa 
Mart., 6?. Ghamissoms yioMBn.d-G,:. pallida Cham., G. thymslaeoidrs Meissri., 
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etc. apparently abundant in eastern Brazil. Regardless of the idtiinate 
nomenelatiiral disposition of these forms, it is sufficient only to point out 
that the giand type characteristic of a group of species in Nortli Ainerica 
is also found in a series of South American forms of In tiii’n, 

a few of these do not appear to have the pellicle so well developed as in tlie 
North American species and seem, in part, to connect with additional forms 
indicating transition stages between this giand type and that characteristic 
of the more primitive — and typical — species of the genus. In habit, these 
South American species have much in common with the low-growing forms 
previously noted from North America. Of the South American species (e.g. 
G. ociosperma Gardn., or at least Glcmou 16229 from the Organ Mountains 
and so labeled), a few have abundant and large glands on the lower leaf 
surface and almost none on the upper, a condition similar to tliat in the sub- 
sections Frondosae and Ursinae; whereas others of them have the glands on 
botli surfaces as in the subsection Baccatae. 


Admittedly, the South American species here listed liave smalh^r and, 
ill general, more indurated leaves than those in North America with wlricli 
they seem to be most closely related. But if we take these South Aniei*ican 
forms and place them at one end of a series and G. itrsina — the coarse and 
thin-leafed species now limited to the Southern Appalachians — at the othei’ 
end, we will immediately note that 0. hacmtu, G. tomsntosa and (?. nana 
occupy their respective niches in intermediate positions in the plexus of 
forms bearing pelliculate glands here under discussion. 

It is therefore obvious that the group of North, Ainerican spetvies placed 
by Small in Decachaena cannot, except on the flimsiest of characters, be held 
separate from Sonth American forms which lie wTdl within the present 
definition of the genus Gaylusmcia. 


We now come to the last of Small’s three genera of Nortli American 
huckleberries, composed of the monotypie Buxella hrachyeem. Thei‘e is little 
to add to Wherry’s excellent aceoiuit^*^ of the history of our knowledge of 
this interesting plant. Among our North American huckleherries it is (cer- 
tainly the best marked species on aecoiint of its heavily indurated evergreen 
leaves, devoid of glands on either surface. The living plant lias much the 
aspect of certain species of Vaccinium and its inflorescence pattern, flower 
and fruit conformation serve only to heighten the illusion. In taut (and 
again on the basis of the North American material only) it would certainly 
appear to inerit generic rank, the carpel morphology being the only chara(> 
ter which gives ns a clue to its relationships. 


" It IS to Be remembered that I make no Warranty as to tlie correct application of 
tbese names, some of wliieh may be synonyms of earlier species. They are names which 
are associated with imj)ortant South American collections, in some instanceB the types, 

aBd which must stand or fall only in the light of a fiitiire and much 
needed re\ ision of the genus. 

18 Wliei-ry, E. T. Bull. Torrey Club 61; 81-84. 1934. 
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lint in our exfiiiiiiiatioii of the South Anierieau inaterial froiii Brazil we 
(a)uu' upon sviefi tlriugs as Giiylussacia RiedeUi Meissn., and G, sal icif alia 
(hiani. & S{'}ile(*ht., with lieaA’ily indurated and obviously ever^Teen leaves, 
tluhr nuirji.‘ins coarsely toothed (as are those of Biuadla brachycera) and 
a|)parent!y (lin'oid of aii\' ^'lands. They also have the loiigitudiiially grooved 
bark (in dried inaterial) so charaeteristic of B. brachycera- To be sure, 
they iU‘e (oarser {ilants a;ud, on occasion, may bear glands in the inflores- 
<amce, tliese being soinetiiues limited to the hypanthiiim. But if tlxe Brazilian 
sjiecies inentioned above are not exact niatehes for our own plant, we have 
to look only to additional forms in the general region of speeies-eoncentra- 
tiou in eastern Brazil to find those which, on one extreme, match our plant 
in liabit, being Ioav, cespitose clone-fox-meivs and, again, other species eom- 
pletely de\nid of any type of gland. 

Briefiy, then, had the plant for which Small erected the genus Buxella 
(*oni(» from Ihaizif rattier than from Nortli America, it never would lunn 
b(4:^u thouglit of as anytliing except a species of Gaylassacia. Purthermore, 
if Hmatrs Biu'cUa did not already liave phyletic nnsoiindness, it certainly 
would have inxinenclatiiral troidiles. Buxella KSmall (1933) was already pre- 
o(c*upied by Buxella Van Tiegliem (1897), a genus to which several species 
of Euphorbiac'eae (sensii lato) from Africa and Marlagasear had been 
I•eferl‘ed. 


CHECK LIST AND SYNOPSIS OP THE SPECIES OP GAYLUSSACIA 
IN NORTH AMERICA 

Bei^ause of certain minor errors of citation in the literature and omissions 
from important bibliographic sources, as well as for the use of those pre- 
|)ai*ing inanuals, local notes, etc., it is thought best to list here, together with 
the basi(i and most common synonyms, the North American species of Gay- 
lussacia as I understand them at the present time. The various described 
subs|)e(^ifi(^ entities have been omitted, Tiiey will be taken up at anotlier time 
following a inore definitive (and it is hoped genetic) analysis of the group, 
togetlier with a com])lete synonymy. Their inelnsion in this place is thought 
to be unnecessary. • 

■ ' Gaylussaoia Nov.' Gen. Sp, PI. 3 : 275. L >957, : 1818. ■ ■ 

(‘dmm. (mnserv.j’Vsee footnote 7). 

(A) Plants, especially , the leaf surfaces,, bearing, clavate-stipiate glan^ 
hairs, their glandular portion with no visible secretion pellicle. 

, .Section I. EtiUmacda Hook..f. ; Benth. & HoolL'.,'f.''G:en.''Pl. 'v 
2: 573. 1876. (Sensn speeiei typicae generis, non 
auctormn variortnn.) 

1, G. Mosieri Small, Torreya 27 : 36. 1927. Lasiococcns Mosieri ^Small, 
Man. SE. FI. 1009. 1933. 0, Mosieri Camp, Bull. Torrey Club 62 : 132. 1935 
((u>mb. superfiua). 
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2. G. OROCOLA (Small) Camp, Bull. Torrey Club 62: 132. B)35. Lasio- 
coccus orocola- Small, Man. SE. PI. 1009. 1933. 

3. G. DUMOSA (Aiiclr.) A. Gray, Clilor. Bor. Am. 50. 184(). Vaccrniufii 

dumosum Andr. Bot. Rep. 2: pi 112. 1800. Ait. f. 

Hort. Kew, Ed. 2, 2: 357. 1811. Lasiococcus dwnwsus Small, Man. SE. EM 
1008. 1933. 

(A') Plants, especially the leaves, bearing* capitate snbsessile glands Avith 
an obviously inflated pellicle. 

Section II, Decachaena (Torr. & Gray) Sleiimer, Bot. Jahrb. 

( Solid.- Abdr.) 71: 383. 1941. (Sensu specie! typicae, 
non auctorum A'ariorum. Ba est Yaccimimi 
resinosimi Ait.) 

(B) Leaves glandular on both surfaces. 

Subsection Baccatae. 

4. G. BAccATA (Wang.) K. Koch, Deiidr. 2; 93. 1872. Andtunneda hac- 
cat a Wang. Beitr. 111. pL 30, /. 69. 1787. Yacdmuni resinosum Ait. Hort. 
Keiv 2: 12. 1789. (?. resinosa T. & G.; Torr. FI. N. Y. 1: 449. 1843. 
Decachaena haccata Small, Man. SE. PL 1008. 1933, 

(B') Leaves glandular only on the loAver surface. 

(C) Leaf apices acute to acuminate. 

Subsection JJrsinae. 

5. G. URSiNA (M. A. Curtis) T. & G. ; Gray, Chlor. Bor. Am, 49, t. 10. 

1846. Yaccinium ursinum M. A. Curtis, Am. Jour. Sci. 44: 82. 1842. Deca- 
ehaena Small, Man. SE. PI. 1008. 1933. 

(CG Leaf apices rounded to obtuse. 

S ii bsec tioii Froiulosae. 

6. 6. TOMENTOSA (Gray) Small, Bull. Torrey Club 24: 443. 1897. 0-. 

frondosa var. tomentosa- Gra.y, Syn. PI. N. A. Ed. I. 2’ : 19. 1878. Viu^cinium 
tomenfosum, Pursh; Gra.y, Syn. PL N. A. Ed. I. 2M 19. 1878 (as syn()iiyni). 
G. tomentosa Pursh, ex. Gray; Small, Bull. Torrey Club 24: 443. 1897 (in 
syiioiiyniy, combination in error). G. tomentosa (Pursli) Clmpm. ; Small, 
PL SE. IT.S. 892. 1903 (in error). Decachaena tonientosa Small, Man. SE. 
PL 1007. 1933. G. tomentosa Small ; Small, Man. SB. PL 1007. 1933 (as 
syiioiiyiii ) . 

7. G. NANA (A. Gray) Small, Bull. Torrey Club 24: 443. 1897. G. 
frondosa var. nana A. Gray, Syn. PL N. A. Ed. 2. 2L siippL 396. 1886. 
Decachaena nana Small, Man. SB. PL 1008. 1933, 

8. G. FRONDOSA (L.) T. & G.; Torr. PL N. Y. 1: 449. 1843. Yaccinium' 
frondosmn L. Sp. PL 351. 1753. Decachaena frond, osa Small, Man SE ¥l 
1007. 1933. 

(iW) Plants eglaiidular. 

Section III. Yitis-idaea Hook. f. ; Benth. & Plook. f. Gen. PI 

2:573. 1876. 

9. G. BRACHYCERA (Michx.) A. Gray, Chlor. Bor. Am. 54. 1846. Fac- 
cmium hrachycerum Michx. PL Bor. Am. 1: 234. 1803. Vaocinmm hixG 
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foliunh Salisb. Parad. Lorul. pL 4, 1805. Buxella hrachycera Siiiall, Man. 
SE. Pi. 1009. 1933. 

A NOiaC ON M'lIE AUTHORITY FOR THE COMBINATION: 

OAYLUS8ACIA TOMENTOSA 

It is possible that future (jiiestions may arise eoiieeming* iny choice of 
aiitlioi'ity for tlie combiiiatioii G. tonientom. E^or this reason a diseiissioii 
of the sitiiatioii is here included. 

Tlie fir*st use of the epithet tonientosa was as a variety of G. froiiclosa by 
(fray in 1878. (For complete citations, the foregoing synonym}^ may be con- 
sulted). Ill the same place, Gray listed the source of his name as ^^Vciccinnmi 
fonicntosunp Pnrsh, ined. ’’ There is no evidence that Pursh ever published 
a descri})tion of this entity, so we must conclude that Gray got the name 
either fi‘om some correspondence, or from a name appended to an herbarium 
she(>t. In .1897, in a study of the genus Gaylusmcia in the Southern States, 
Small lieaded the paragraph discussing this plant as Ga'yli(smc4a tonientom 
Pursh, listing tlie original Gaylussacia frondosa var. toniemtosa A. Gray as 
a synonym as well as ‘ ^ GayliissacAa timientosa Pursh/ ^ but credited this last 
as being published by Gray ^dis synonym” in the same place as the original 
desvrifition oi* the variety. This was obviously an error on SmalPs part, for 
Gray had listed it as ^ ^ Vaccmium t ament ostiniy Pursh, ined.” 

Apparently reali^sing this error, Small in his 1903 Flora assigned this 
combination to Chapman. This Avas repeated in the 1913 edition. I have 
seaiailied tlirciugh all of the editions and as many of the various printings of 
CliapiriaiPs Floras as are available, as well as his few writings outside of 
these, and have been unable to locate any such combination, or any mention 
of the name even as a variety, and am forced to the conclusion that this was 
aduirtlier error on SmalPs part. 

In 1933, in his Manual, Small resurrected the invalid genus Decaehaena 
and made the combination D. iomentosa^ listing (?. tomenfosa Small as a 
syiioiiym. Tliis, I think, can be taken as clear evidence that by 1933 Snudl 
realized his G. towientosa Pursh ex Gray of 1897 and his G. tonientosa 
(Pursh ) (fhapman of 1903 were both 

It is my opinion that, since Pursh never' gave us a description of 'the 
j)lant, inention of the authority for the name by Gray in synonymy as 
^ (Pursh, ined.” does not constitute valid publication and that Gray should 
be credited Avith having first published the name as a taxonomic entity. 
Furthermore, even if he did assign the combination G, tonientosa to 
Pursh and later to Chapman, it was Small himself who, apparently by aceP 
dent, made the eombination in 1897. It is therefore my eoncliision that the 
authority for the eunibm^ Gaylussacia tomcMtosa (Gray) 

Small. 
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It is to be further noted tliat, aJtlioiig'h tlie conibixiatioii Giujlnssaeia 
fonientosa has been in coniiiion use in Ameriean botanical literature since 
1897, 1 find no record of it either in the Index Kewensis and its Siii)|)l(uiieiits 
or in the ^‘Card Index of Genera, Species and Varieties ot American l^iants, 
1885 to date’’ — this last commonly called the ^Glray Herbariiim (Jards,” 
This omission can scarcely be blamed on the editors of these indexes, for 
when the combination was made it was done in sudi a niauner as to lead 
those who collate these iiiYaluable bibliographic services to the conclnsioii 
that it was one wliicli surely must have been listed previoiislxx 

THE northward MIGRATION OP GAYLUSSACIA 

The prohlem of origin and dispersal. It is witli a certain teiuerity ttiat 
I discuss the broader aspects of the distribution of the genus Gaylnssaeia in 
this place and prior to a much needed taxonomic revision of tire genus. Ycd, 
I cannot forego the opportunity of remarking upon the cxlose affinity of cer- 
tain of our North American plant-gTOups witli those of South Aniericai, and 
the need to consider them before we attempt any segregations in our own. 
Too often, a familiar group, when examined solely in the light of knowledge 
based upon a restricted area, tends to lead one into the ])itfall of a liasty 
and misguided taxonomic segregation ; whereas, if the groui) as a wliole is 
studied it may be seen that the apparently separable local material repre- 
sents only the end-products of a series of evolutionary lines stemming out 
of a eommon plexus. The North Ameriean huckleberries certainly illustrate 
this point. 

If one follows Sleumer’s latest systema (which we trust is only tenta- 
tive) and puts ail the South American members of Oaylussacia into a single 
siibgenerie group, it is obvious that the genus becomes (if there is sncii a 
thing) monoseetional, for tlie remaining sections — ineluding onl\^ tlie North 
American species — are much less variable, have close relatives there and 
should be placed with parallel material now in the supposcully wluiily Woutl) 
American Section Eidiissacia. AVhere the material wa;rrants and exldbits 
even liabital differences it is sometimes advisable to make regional divisions 
for the convenience of easier key construction. But to make phyletic divisions 
solely on a geographic basis sometimes leads to an absurdity, sueh as find- 
ing two forms as those going under the names G. Mosieri and G. pseiukh 
gaultheria placed in different sections, or even genera— forms between which 
I can scarcely discern varietal differences. 

This close affinity of our North Ameriean huckleberries with those of 
South America needs to be considered rather carefully from the standpoint 
of plant migration. Of course, birds can always be used tn explain app 
unusual distributions. It is true that birds do eat huckleberries, and this is 
probably their major method of dispersal. But it is approximately four 
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thousand miles between the north erninost known plant of G-. pseudogaul- 
thvria and tlie soiitliernmost plant of (?. Mosieri, its scarcely separable rela- 
ti\'e. .A.nd llial’, to me at least, would seem to be an unusually long* non-stop 
tiigid tor most of our friiglvoroiis birds. Purthermorej even greater distances 
s(\|)ar*at{‘ the other Nortli American species from their South American 
relatives. Therefore, our problem is to reconstruct a picture of the paleo- 
geograjihy of the area bounded by the outlying members of the genus; to 
ascertain, if possible, where they might have had their origin and whether 
tliey migrated from that area in a normal inainier by gradual steps across 
existing land (or at most across short distances of \vater), or whether we 
will be forced to the eoncliision that some unnsuai type of dispersal has been 
opei’ative in the dissemination of the group. 

Historical backgrounds of the present distribution in South America. 
T]i(‘ genus (hylnssacia has three centers of concentration, the primary being 
in eastern Brazil, where we find about forty species. Two secondary centers 
are i'oiind, one in nortliwestern South America from northern Peru to 
Colombia, (witli minor outliers in Venezuela) ; the other is in eastern North 
America. Both of tliese last mentioned areas iiave the same number of 
recorded species (i.e. 9, with the exact number for South America being less 
(UuTaJn than for North America). 

I. (.uinnot liere go into a lengthy discussion of old land areas and their 
relation to centers of plant dispersal, but the correlation between the present 
distribution of and certain land masses known to have been 

emergent for a long time is so close that to speculate on the dispersal of the 
genus requires a brief consideration of tliese areas and the possibility of 
their former c(mnecti.o:n. 

In the geological part of this discussion I make no pretense of any great 
originality, but have drawn freely from the writings of Scliuehert,^’’ Brain 
ner/^ James, Tate,“‘* Hitchcock, and others. However, not being a profes- 
sional geologist or geographer, I -have had no great hesitancy in making 
certain generalizations from which, otherwise, I might be restrained, espe- 
cially where the kiiown facts of phytogeogTaphy would seem to warrant 
such conclusions. ■ 

A, s nearly as I can ascertain there -are today in South America. five areas 
of varying size whose surface rocks give evidence of great antiquity : (1) 

17 Seliiichert, Charles, Historical Geology of the Antillean-Oaribbean Begion. 

811. . Jolm' Wiley ;^ Sons,. Ine. ,New York. :1935., 

i« Branner, John Gasper. Bull. Geol, Boe. Am. 30; 189-338. Map. 1919, 

10 James, .. Preston E''. Ann. Assoc. "Am.' Geog. 33: 16*5-193. 1933. . 

20 Tate, G. H. H. Geog. Bev. 28: 452-475, 1938. 

21 Hitchcock, G. B. fCerro Buida aiid the Guayana Highlands), w Gleason, H. A. 
Bull. Torrey Club. 58: 284-287. 1931. 
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Southern Chile and parts of Patagonia. (2) Portions of the nioiuitajiis of 
eastern Brazil. (3) The Choco borderland, whieli probably extended from 
Colombia southward into Ecuador and wliieh today luis on its (^astern I’iin 
the Cordillera Oceidental. This borderland, whieli once nnist have extend (u! 
westward into what is now the Pacifie Oeeaip and wliich has on it by iar tlie 
oldest of the three northern Andean chains, may once liave had cojinection 
southward with the Chilean-Patagonian mass. (4) The Santa Malta massif 
ill northern Colombia. (5) The ^^Guayana ShiekP’ having in its (umter tlie 
Sierra Parima and the much more publicised Sierra Paeaiaiinia, and tlieir 
florist ieally dramatic outliers (Roraima, Duida, Auyaiitepui., etc.). To these 
areas, one ought, perhaps, add ‘Taria/’ the now nearly defunct ^'southern 
frame of the Caribbean Mediterranean,” a land whieli, according to 
Sclmehert, lay athwart northern Soiitli America during tlie Paleozoic and 
probably the earlier Mesozoic. 

It would seem probable that, throughout the later Paleozoic and the 
early and middle Mesozoic, much of Soutli America was eniergent and 
colonizable by land plants. With the advent of the Cretaceous, tlie suri’aee 
of South America underwent a drastic change, for large areas ot‘ it ivere 
inundated by marine transgressions. But, even so, certain upla'ud areas 
remained — islands on which such land plants as were present could have 
been preserved during those times. As nearly as I can ascertain, these areas 
were: certain portions of the present mountain systems of eastern Brazil, 
the Chilean-Patag'onian mass, the one remaining rim of the Choco border- 
land, and possibly the center of the Santa Marta massif. It is altog(4:lier 
probable that additional smaller island areas may have existed. 

The Guayana Shield as now interpreted, an area stretcliiiig ti'om tlie 
Xiresent Andes to tlie Atlantic and from the Orinoco soutbwai’d nearly to 
the Amazon, is a special problem. It is the opinion of SchneVhert, Tate, and 
Hitchcock (/.c., and based in part on the work of Liddle on Roraima) that 
the sandstone wliich makes np the massive table-mountains in the central 
portion of the Guayana Shield was deposited during the Ijower ( ti'etacuMais. 
It is the opinion of Hitchcock (Lc., p. 285) that the peaks of tlie Parima 
Range are made up of igneous or metamorphic rotik— this opinion lieing 
based on their contours as viewed from the top of Duida, It is therefore 
possible that the center of the Guayana Shield— the Sierra Ikirima— may 
also have been emergent during the Lower Cretaceous and an additional 
center of refuge for land plants in South America during that time. One 
thing, however, is certain. If the massive sandstone layer on much, of the 
Giiajana Shield was laid down as recently as the Lower Cretaceous (and 
it may be much older), the central portion of the area has been continuously 
emergent at least since that time and colonizable by an upland vegetation. 
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So far as oiir iiumediate problem — ^tlie genus Gaylussacia — is coiieerned, 
we have already rioted that its greatest eoueentratioii of species is iii easteiai 
Bra/yil. Its ])rineipaj center of development, therefore, is on and around one 
of tliese iiueieutiy emergent areas. The other Soutli American center is on 
tlie rim of tlie erjiialiy ancient Choco borderland. After what must have been 
an ('xtreinely old primary dispersal, a few forms have migrated into the 
younger (Upper- and post-Cretaceous) Andes of Colombia and Yeneziiela 
and onto the Amazonian campos, one species only as yet being known from 
tlie center* of the Guayana Shield, although this last area is otherwise rela- 
tively 1‘icli in erica, ceovis material. From its concentration in areas known 
to have been long emergent and its apparent scarcity on, those of later age, 
it ivould seem likely that the iiattern of genetic variability of Gaylussacia 
wa,s alread\' well defined and the genus widely dispersed in South America 
in (dretaceous time. 

The iiii(iration across AnhJLuL If Gaylussacia were eoiifined to South 
Anmri(‘a, tlie problem of its disjiersal would not be so eomplex, but tlie genus 
lias nine species in eastern Nortli America. As has been previously pointed 
out — and contrary to traditional taxonomic practices- — the Nortli American 
spei-ies, instead of being morx>hologically remote and easily seirarable from 
tliose of Soutli America, show a strong affinity with them (in one case 
a,pparently being conspeeific), and in general give every evidence of being 
derived types. The problem, then, is to get certain of the basic forms of tbe 
genus out of Soutb America and into North America. 

I sliall not liere enter into controversy with paleobotanists concerning 
the origins of the floras oir the coiitineiital masses now called North America 
and Soutli America, of their relations with the floras of other continental 
masses, or of the wliole ]:)roblem of paleoelimatology in relation to early plant 
migrations. ‘Maind bridges’’ have been invented and later destroyed by con- 
temporary authors; and the whole question of continental displacement in 
relation to early plant dispersals is in need of clarification, especially when 
one reviews the more tlian caisiial phytogeographic connectioiis of various 
land masses now widely separated. Considering only the immediate problems 
of dispersal witbiii the AVestem Hemisphere, it is becoming evident that 
once there must have been a much broader land-connection between North 
America and South America than now exists — a connection which lay to the 
east of the present narrow 'Hsthmian Bridge.” The sometimes striking 
phytogeographic affinities between eastern (Atlantic) Nortli America!, across 
the Caribbean and into northeastern and eastern (Atlantic) Soutli America 
are certainly suggestive of viewpoint. There, is, of course, ample evidence 
for a series of Biigrations between the P sides of the tivo continents. 

It would apxiear that the great bulk of the intereontinental migration 
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was from the sontli toward the iiorth.^- Exceptions are kiiowii, hut those 
wliieh I have examined liave almost iii.variabl.,y involved tlu' moia* hi^'hly 
developed and recently evolved members of their jJ!:roup ; and, furtlu-r, these 
recently arisen inenibers seem, for the most j^art, to have used tln^ ('onina'tiou 
on the Pacific side and not spread into South America fi*om North Aineihca, 
by an eastward route. Therefore, relying- on such phyt(>geogra])lii(' and 
geological evidence as I can gather, I must come to two tundainental (conclu- 
sions : (1) that a broad land-connection, portions of it probabh' witli con- 
siderable altitude, existed for at least part of the Cretaceous between tlie 
Atlantic sides of North America and Soutli America, in addition to tlie 
generally assumed eonneetion on the Pacific side; (2) tliat tins (connec'tion, 
although broken in the Eocene, was partially reformed at some time during 
the Oligoeene. It is not necessary to assume that, in Oligocene time, the 
land was completely continuous but, at least for a, while, a segment of 
northern South America must have been connected witli an emergent jior- 
tion of Antiilia and this, in turn (perliaps at a, later date), witli tlu' (tlieu) 
large oifshore island which since has become Florida. The n Helens of tliis 
repeatedly expanded and contracted ‘‘ island” certainly lias not betni under- 
water since the Eocene and today holds a rich flora, dei*ived i’rom tlu^ sontli 
(being the center, among others, of the distribution of tlie North Aniei*i(uin 
segment of the Gaylussacia Mosieri-pseAidogau^^^ complex). This Florida 
‘‘island” was connected with the North American mainland during the 
Miocene. 

Eeturning to our coiisideratioii of Gaylussacia,, it becTimes ap])arent tluit 
the genus aro>se in South America for there, today, we find it as a series of 
interlocked species-groups still differentiating out of a (uiiinnou jilexus, 
only three of wliicli have given representative members to Nortli America. 
Nor is it necessary to assume tliat tlie early representatives of these groiifis 
migrated northward at the same time. Plants very like our modern sub- 
montane forms, G. ursina and 0. hrachycera, surely must liave lieen in the 
vanguard of this movement. Here, too, I should like to i)bi(-e t lie prototype 

22 Any student of tlie Caribbean floras will immediately rca^ognize tlmt luM’e T am not 
giving adequate consideration to that region. One of the remarkable tilings in the Carib- 
bean is its west-east set of phytogeographic connections extending from Central America 
across the area in such a manner as to make it api>ear that we are looking at tlie iMolated 
relies of the floras of an ancient continental mass traversed by a series of nearly ])arallel 
mountain ranges. Complicating this picture is the series of well marked south-nortb lines 
of connection. The old block of Antiilia has been ground between the sliiftiiig conti- 
nental masses of North America and South America; it has been segmented, and the 
blocks sometimes laterally displaced for many miles; it has been warped and buckled, 
great folds having been thrown across it in several directions; and it is tlie directions of 
. the displacements and the trend of these folds and upthrusts—wlien they were above tlie 
waters of those ancient seas — which, to a large extent determined the present complicated 
floristic pattern of the Caribbean. I am in this place dealing only with a group wlrich 
apiiarently crossed from South America into North America* 
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of t}i(‘ wide-ranging' G. haccata with its upland and lowland forms. G. tonien- 
tosa and (/. )ia}uiy being somewhat more closely related in habit to species 
now j) resent in South America, may have arrived later but, .even so, they 
seem to l)e strongly tiiudiired with the characters of G. ursina and may 
represent segregate and now nearly homogeneous races following the eora- 
])lete obliteration of a lowland pliase of G. urmia by several essentially 
different South American formsd‘‘^ G. frondosa gives all evidence of having 
arisen in. North Ameriea out of species already present. 

Tliere remains for our consideration only G. Mosieri and its close rela- 
tives. Wli ether G. orocola of the Blue Kidge represents an early introduction 
into Nortli America and is the form from which 6r- duniosa has been derived, 
with (J. i¥o.s‘/eri being a more recent introduction, or whether they all have 
been derived from tlie same immediate source, is in the realm of pure specu- 
lation and must await further eytological analysis. They are so closely 
related tluit I find it difficult to tliiidc otherwise tliaii that they have arisen 
in North Ameriea from a eoinmon ancestor, in appearance nuieh like the 
present G, Mcmeri. Yet, an examination of these and closely related South 
Am(‘i*ican forms leads me to the eouclusion that G, orocola and G, dumosa 
a, re inore jiearl\' related than G. orocola and G. Mosieri; that the G. orocola- 
dumosa unit came to North America prior to the advent of Gi Mosieri^ but 
tliat both of tliese (the G. orocola-diimosa unit and the Mosieri-psetido- 
unit) have been derived from the same South American prototype. 

Without correlative data we should be forced to disavow normal peri- 
staltic activity in the avian alimentary tract and call upon our feathered 
friends for lielp in some peculiar manner to explain the dispersal of this 
groip) of ])Iants over more than short distances. There is, however, another 
line of (‘vidence wliitdi we shall briefly pui*sue: we shall consider not one 
s])ecies oi* even a single genus, but a pbyletic-ecological consociation. A 
s|)ecies of Gaylussacia {G. amazofiim Huber), closely related to the 
(/. pseudogaidth(Tia-Mo unit and its nearest relatives, is found on the 
campoH of tlie Ainaxion Basin, a region of (mmparatively recent origin and 
historically related to the outer Coastal Plain of North America where 
various of our own species of this genus are so well developed (at least the 
regions are botli of Late Tertiary and Quaternary age). 

I s('(‘ uotliiug pliyletically improbable in such a viewpoint. It has been accom- 
plished repeatedly in Vaocmmim, where I have had opportunity to analyze the situation 
in greater dtdail against a background of experimental data. In this genus certain 
species with excellent and natural'^ ranges are obviously the residt of the blending of 
heredities of portions of two or more well-marked basic speed es. In certain instances 
these ^'species (e.g. Y , coryml>os%my been reproduced by controlled breeding. 
IViirthermore, their charactera, consisting of a series of multiple allelemorphs, do not 
segregate as would Ix^ (‘xpocted of simple unit factors, but enter into combinations form- 
ing blended populations in areas of isolation which react mu<di. as those of essentially 
homozygous species. Such, therefore, may easily have been the history of both G. nana 
'.and fr. tmwwhsa.^" ■ 
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If we consider even a brief list of the more coiiimo!i plants on these 
eanipos Ave Avill see the close pliytog'eographie connection between tlie two 
areas.--^ To be sure, a group of purely tropical tilings is p]-esent there. Ihit 
if a student of the flora of the Coastal Plain, ot eastern aud s<Hitheasl(MMi 
North America — and one who knows only this flora—Avere to vi^nture onto 
those sunny and acid-soil Amazonian savannas he would find many species 
A^ery similar to those with AAdiich he is familiar: examples of Scln<tc(c(ty ot 
Xyridaceae and Erioeanlaeeae, Burnianniay Melastomaceae, (Teritiiuuu'eae, 
A'arious common Clramineae and Cyperaceae, Owpluciy Ilex, Brysoninia and 
Lencoilioe, to mention only some of those Avhieh are more coriniion and Avliich 
are not widespread ^'weed-species.” Many others could be included. 

Perha|)s the greatest stumbling block to a complete understanding of 
the direct south-north migration of Giiylicssama is tlie faid: tliat it is not 
today knoAVii from the interior of the Caribbean area — the region of ohl 
Aiitillia. But its apparent absence is no proof that the genus did not migrate 
from South America into North America by that route and 1)\" gradual 
steps, Avithoiit the aid of any spectacular non-stop avian transportations. 
The exact sequence of geological events throughout tlie Caribbean, is still, 
mueli ill question and one needs only refer to the Avork of Hess on. tlie liasic 
island arc striietiire in the West Indies^"^ to sense tlie vaiviant o|)inions and 
the need for a reinterpretation of the geohistory of this region. This is 
particularly true of those areas which, periodically or locall.A' foi* long 
periods, have been out of AAUter and colouizable by plants, rather tlian tliose 
AA’hicli have been so often inundated. It is obvious that Avhole segments of 
Aiitillia have been lost, some of these aiiparently rather late in tlie Tertiary ; 
segments Avliich, if they w^ere above AAiiter today, miglit serve to clarify Avliat, 
tons, seems to be a rather complicated and insoluble sequence of plant migra- 
tions, often not at all correlated witli the present series of ''island ste|)ping 
stones” which swing the arc of the Caribbean (see again footnote 22). 

I have little hope that GayVnssacia will yet be found even in tlie poorly 
explored and geologically ancient mountainons parts of Oriente in Cnba oi* 
on the pre-Tertiary Cordillere Centrale of Hispaniola, but the possibility 
should not be excluded. Such a discovery would certainly be welcome news 
to an erieologist. HoAvever, it is more likely that such members of 
as might have been on Antiilia during the Tertiary were, like most of their 
congeners, poorly adapted to compete under tropical forest conditions and 
niiist have existed only in sunny, acid savannas, or at most associated with 
open forest stands, even as today. 

24Bxieke, Aclolpli. A Amazonia Brasileira. An,ais Prim. Keim. SuLAmer, Bot. 1: 
275-287. 1938. Por a discussion of these Amazonian aainpoa and the relntod and wide-- 
spread noil-forested areas to the southeast, the center of (raiy^wwrcai-eoncentratio 
Brazil, see: de Sampio, A. J. Phytogeograpliia do Brasil. Bol. Mus. Naeional (Rio de 
Janeiro) 6: 271-299. 1930; espeeially the map opp, p. 29(1 

25 Hess, H. H. Proe, Am. Phil. Soe. 79: 71-96. 1938, 
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If 1 am ioterpretiiig* the available evidence correctly it would appear 
tliat tlie Olig’oeene was the la-st chance for the (ja^//?fs.s*a<:oh-popiilatioii of 
South Am erica to |dace ineiiihers within easy striking* distance of North 
Ameri(ai luitiiral means of dispersal and, if we must call in. the birds, 
without forcing them to fly unreasonable divstances over water. Tliis is 
broil gilt out particularly w^ell by one of Schuehert’s maps (Lc., Plate 11). 
1 vajuld, for tlie present, ivant to make only one important change in this 
ciiart. It is my opinion that, during the Low^er Oligocene at least, the eastern 
part of Antillia was connected wuth parts of northern South America by a 
broad band of open, mixed lowland-savanna country; a type of terrain 
wlrieh must have extended northward in broad ares to the margin of present- 
da}^ Florida, being then separated from the Florida ‘'island” by only a 
narrow strait, probalily less than 100 miles w^ide, and easily crossed by birds. 
Or it is ];)ossible that these areas may even have had actual surface com- 
inunication for a time and that more recent geological events have obscured 
the record. 

The Miocene witnessed the extreme deformation and almost complete 
submergence of tlie bulk of Antillia, leaving emergent only a fe^v small and 
w^idely separated islands. There was a brief recovery during the Lower 
Pliocene, but the Pleistocene again brought on a rather general inundation; 
this being followed by a recent partial uplift. 

Had sucli members of Gaylussacm as wmre on central and eastern Antillia 
in the Oligocene been so placed that they could migrate into these small 
residual island centers of refuge during the Miocene and Pleistocene sub- 
mergences, it is unlikely that they could have competed with the forest 
vegetation already there. Of it they could have, the recovery (as in Cuba) 
of available and ecologically suitable habitats at the end of the Pleistocene 
w^jiild have been most difficult, for large areas were now highly charged 
with niarine caleareoiis salts, alwa,ys fatal to a group — such, as — 

which requires acid-soil coil ditions. 

Briefly then, beginning in the Late Tertiary, the history of Antillia was 
such that it practically excluded any possibility of having 

remained there; whereas conditions during part of the Cretaceous and again 
during the Oligocene would seem to have been ideal for trans-Antillian 
plant migrations. 

We can, I think, exclude any possibility of the genus having come into 
North America by way of Central America and Mexico, in part the vvesterii 
segment of Antillia. There are today in those i^egions too many grou])s of 
the Bricales having a strong relationship (even conspeeific) with those of 
eastern North America and which (in the latter) have the same ecological 
requirements m^'Gaylmsaeia. l3^ the genus come by that route in sufficient 
numbers so as to have given the morphologically dilferent and ecologically 
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distinct forms which now exist in North America, some would mvdy Imve 
heeii preserved along with their ericalean relatives. l>iit none are kiiowin 

Conclusions on the migrations into North Anierica. It is on the foregoing; 
set of collateral evidences that I base my first coiKhiisimi thal llun*e |>i'ol)ably 
were two major cycles of immigration of the genus (:kiglussaei<! into North 
America. Although having today an obvious phyletic conneidion witli forms 
now existing in South America, the upland and apparently earliest of these 
immigrants seem to have had sufficient time to evolve into si)ecies quite 
distinct from their nearest relatives. The more recent introdiuitions into 
North America appear to have been mainly lowland forms and sliow no 
such marked differences being, in part, apparently conspe(*ifie with Sontii 
American material. It is also concluded that the propagnles of the ancestral 
forms giving rise to the present siiecies were not carried directly lh*om Soutli 
America into North America, but that the dispersal Ava,s of a type normal to 
the group — one by gradual migration on land then existent, oi* at most 
for only short distances across water. Lastly, it is concluded that tlie migra- 
tion was across the eastern portion of Antiilia and not l)y tlie |)i*esent 
^ ' Isthmian Bridge. ’ ’ 

SUMMARY 

An examination of the Gaylussacieae, a tribe of the Vacciniaceae, reveals 
that, as a group, it has undergone its major evolution in South America. 
There, definite lines of phyletic divergence are evident, but it is obvious 
that they have been derived out of a common plexus, foimis being i)resent 
today which bridge the gap between the more primitive members of tliese 
groups. As a <?oiisequence, it would seem prudejit not to attempt generic 
segregation within the South American representatives; that they all l)e 
considered as part of the genus Gayhissaeia. 

It has been traditional for the past century to consider the North Amer- 
ican Gaylussacieae as being in some way easily separable f rom the South 
American forms, for they have been treated by vai‘ious antliors as separate 
sections of a genus, as subgenera, or even different genera. (3()nsidered 
alone, the North American material consists of three well-marked groups, 
but when critically examined each of these gives clear iiidieation that it has 
been rather directly derived from South American material, having couivter- 
parts in the common plexus of the genus. In one instance there is even an 
apparent specific link between the two continents. If the South American 
material is to be maintained as a single genus, it is therefore obvious that 
the North American forms must be included. It is certainly clear that any 
separation into snbgeneric categories on a geographic basis violates tb 
fundamental phylogeiiy of the group. 

It is evident that the genus Gayltcssacia has undergone its major develop- 



1941 ] 


CAMP : GAYL.USSACIEAE 


551 


iiient oil tlie aiieient iiplaiids of southeastern Brazil; that some of its lines 
of (leseent ai*e also represented in northern and northwestern South Amer- 
icai ; and that derived but closely related forms are present in North America. 
Fi'om tliis e\^idence we must conclude that the genus inigrated into North 
Ameinca from South America. 

It seems ajiparent that there were two major introductions of the genus 
(jaylussacia into North America; one, primarily of upland forms, during 
tlie Cretaceous and another, of lowland forms, during probably the 
Oligocene. 

Since there is no evidence that the genus entered North America by 
Avay of tlie present “Isthmian Bridge,^’ or even in the same region by a 
much earlier connection, it is concluded that tlie northward migration of 
(T(iylu.ssacia must have taken place across the eastern segment of Antiilia. 
This opinion is further substantiated, not only by certain present close 
relationsliips within the genus but also by residual, but strong, ])hyto- 
geogra;plii(.* connections iii other groups between parts of eastern South 
America and eastern North America. The absence of the genus today from 
tlie interior of tlie Caribbean area is no x'U'oof that the group did not move 
northward by tliat route, for the Late Tertiary and Eecent history of the 
area involved a series of events resulting in the formation of habitats eco- 
logically luisuited to its survival there. 

Gaylussacia, an obviously ancient genus is, therefore, another of those 
genetic complexes giving clear indication of the derived nature of the North 
American floras. It is another link in the ever strengthening chain of evi- 
dence that manc" angiospermous groups underwent their primary evolution 
in the Southern Hemisphere and subsequently migrated into the Northern 
Hemisphere. 

The. New York Botanical Garden' 

New York 



SUPPLEMENTARY NOTES ON AMERICAN LABIATAE— 11’- 

Carl Bpling 

TEUCRITJM 

T. BICOLOR Sm. Chile — coqtjimbo: Depto. Ovalle, Ciiesta de Cavilolin, 
Worth and Morrison 16453. Depto. Illapel, Quebrada Luneunian, Worth 
and Morrison 16502. Santiago: Depto. Melipilla, La Viscaelias, assoeiated 
witli Bckizanllius, Phacelia and Alstroemeria spathiilala. The flower color 
of this species, as with the following, may vary from pure white or cream- 
color to mar 0011 , at least on the lower lip. Both extremes grow together. 

T. NTJDicAULE Hook. CHILE — ^ATACAMA; Depto. Hiiasco, near Hiiasco, 
Worth and Morrison 16428. “Flower cream-colored; lip white-piibescent, 
velvety maroon inside. Tavo collections of apparently this same genus at 
Taltal (viz. Worth and Morrison 15832; Beetle 26177) but none witii this 
color lip. Some here lacked iC’ (collectors’ note). Depto. Blqui, 20 km. al 
sur de Yienha, W a genknecht 4237. 

T. laevigatum Vahl. Argentina — ^buenos aires: 77 km. southeast of 
La Plata near inoutli of Rio de la Plata, Eyerdani mul Beetle 23275. 

STACHYS 

S. Lindenii Benth. Guatemala — san marcos: Volcan Taeaiia, 2500- 
3000 m., Steijermarh: 36264. suchitepequez : Volcan Ziinil, 500-800 in., 
Steyermark 35439. 

S. eriantha Benth. Mexico— vera cruz: Los Pescados, 10,500 ft., Balls 
4607 ; Apitza, Ixtaceihiiatl, 12,600 ft, BciUs 5137. 

S. (?) GLOBOSA Bpling. Mexico— VERA cruz: Loma Grande, I\tt. Orizaba, 
9,200 ft.. Balls 4353. Assuredly a member of the species group to which 8. 
glohosa is assigned, characterized by the relatively short ii]>i)er lip and 
scarcely exserted stamens. HoAvever, although the pubescence is very like 
that of 8. glohosa, the flowers are larger and the calyx teetli less pro- 
iioiaicedly spinose. 

S. TRUNCATA Kiiiize. CiiiLE— ANTOFAGASTA : Depto. Taltal (> km. east of 
1 altal, 11 ortli and Morrison 16117. Assuredly this species, previonslv’’ known 
no further north than Coquimbo, and Avith a slight but iiumistakable 
amiuliis in the corolla tube. 

S. BORAGiNOiDEs C. & S. MEXICO — MicHOACAN : Mt. Taiicitaro, near 
Urnapan, 2075 m., mnion 15501. Apparently referable to this species, pre- 
viousty knoAvn only from Yera Oimz and Hidalgo. 

APERTA Bpling. This species is knoAAm only from a single specimen col- 
lected by ilfucbncZe near Mima {no. 3963). The present speeimeii, colleeted 
by M orth anxl Momson {no. 15661) in Peru, Depto. arequipa, Prov. 
Gamaiia iieai Atiqiiipa, corresponds fairly well, save in the degree of exser- 

tioii of the stamens. In the type, they are exserted 3 mm. ; in this specimen, 
about 1.5 mm . To this specimen may also be added one collected by Killip 

1 kSee Bull. Torrey Club 67: 509-534. 1940. 
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and Sniith {no. :2:22 d3) in Bepto. ayacuoito at Panipalea, between Hiianta 
and Rio Apnrimae and one eoileeted in Areqiiipa near Cliala by Weher- 
haner (no. 7191). Wliether these are conspecifie remains to be determined 
by more collections. Suffice it to say that they are the only known Peruvian 
Sianhys of tliis habit, with corolla tubes 6~8 mm. long, whieli have a well- 
defined annulus. They are apparently the Peruvian representatives of a 
complex group whieli ranges from Chile (S. Macraei) to California {S. 
bulUita). 

SCUTELLARIA 


S. ("0 Hookeri Epling. Colombia — Comisaria del caquetA, Cord. Ori- 
ental, Quebrada del Rio Hacha, Cajon de Pulido, 1700 m., Guatrecasas 
874:7 (Herb. Nac. Colomb.). This species was described from cultivated 
])lants, grown from Peruvian seeds. Poeppig 1535 ^ collected near Pain- 
panacio, Peru, is seemingly identical with the type. The present specimen is 
identical in pubescence with Poeppig ’s plant, pubescence unique in the 
South American species of ScnteUariay and is very similar in habit. The 
lea\'es of Poeppig ’s plant are pale and seemingly wliitisli, beiieatli, wliereas 
tliose of the present specimen are purple beneath. 

S. Bentiiamtana (Mansf.) Epling. Peru — apurimao: Prov. Abancay, 
slopes of Orckone Grande, Trancapata, near Curasuasi, 3100 m., Vargas 
9622. Said by the collector to have been collected by him also in Paruco, 
Cuzco. 

hedeoma 


H. PLORiBUNDiJM Staudley. Mexico — sonora: Sierra des Pappas, Oentry 
631. 


MINTIIOSTACHYS 


M. MOLLIS Griseb. Peru — la libertad: Prov. Santiago de Chuco, north 
of Cachicadan, Siork and Florton 9957. 


SATURBJA 

S. TAxrpoLiA (Kiuith) Briq. Ecuador: Cuenca, Quebrada de Clnishkin 
8,500 ft., Balls 7079. 

8. ActJTiFOLiA (Benth.) Briq. Pb:ru— cajamarca : Prov. Cutervo, Suese 
R, Valley west of Socota, 2800 m., Stork and Horton 10097. Known pre- 
viously only from the original collections of Mathews at Chachapoyas. Those 
specimens are notably silky with axipressed hairs on the upi>er leaf surface 
and twigs. The present sx)eeimens are hardly silky in pubescence, but have 
the same habit and essentially the same flowers. The calyx teeth, however, 
are as much as 4 mm. long. 

S, Panicera Exiling, sp. nov. (Gaixioquia). Prutex altitndine ad 1.5 m. 
ramulis xiilis brevibus subappressis birtellis ; foliorum laminis crassiuscnlis 
obtusis modo rhoinboideis et in basi euneatis modo deltoideo-ovatis et in basi 
trnncato-siibcordatis, 1~2.5 cm. diametro, marginibns serrato-crenatis, revo- 
lutis, pagina superiore rngosa glabra viride, inferiore dense albo-tomentosa ; 
petiolis 2-5 mm. longis; floribns cireiter 6 in cymulis breviter peduncnlatis 
axillaribus, bracteolis linearibus 3-4 mm. longis suhtentis; calycibiis costatis 
extus pilis brevibns crispnie birtellis, tube cireiter 6 mm. lougo et dentibns 
deltoideo-lanceolatis aentis, inferioribus 3.5-4 mm. longis, snperioribna 
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similibiis in basi eonnatis; eorolIaiTim a.iiriaritia(nu*inii tulio 20-20 inm. 
loiig‘ 0 , labia siiperiore 4-5 mm. alta. 

Peru — ^la libertad: Ptoal Santiago de Chiico, (lauiricadaii, 2800 in., 
Stork and Horton 9936 (type, Iliiiv. Calif,, L. A.). 

In liabit this proposed species is scarcely different from 8. ra(jom> (li. & 
P.) Briq. and very similar to S. tonientosa (Kiintli) Bri(i. Tlie first named 
is knoAvn only from the type, the locality of collection of wliich is not known, 
saA^e that it is ascribed to Peru. The second named is an Ecuadoran spcMdes, 
frequently collected. It is known from Peru from a single collection made 
near Hiianta by McBride and Featherstone (no. 2084) ; it is not certain, 
however, tliat this specimen is eonspecific with the plants of Ecuador. Tlie 
fioAYers are similar. The present specimen differs from botli 8. rugosa and 
8. tonientosa primarily in the flowers. The calyces of 8, rugosa are almut 7 
mm. long, wdth a fine spreading pubescence, the teeth being about 2.5 mm. 
long. The corollas are notably shorter, the tube being only about 1 cm. 
long. AYhile it is true that the corollas of S. iomentosa are about tlie same as 
those of the present plant, the calyx teeth appear to be uniformly shoi'tei*, 
rarely over 2.5 mm. long. Much more material is needed satisfactorily to 
dispose of this complex. 

Aceordiiig to the collector’s note the species is gathered in tlie hxaility 
cited and sent to Trujillo for sale in the market as a medicinal herb. It is 
known as ' ‘ Panicera. ’ ’ 

ASTEROHYPTIS 

A. Seemannii (Gray) Epling. Mexico — ditrango: Tamaznla, Gentry 
5224, 

HYPTIS 

H. (!) sidaepolia (L’Herit.) Briq, Inadeciuate eollections of what are 
probably this species have been collected in Peru — ancash : Prov. Santa, 
Lomas de la Chay, 40 km. north of Barranca, Stork, Horton and Varyas 
9203. areqitipa: Prov. Camana, 10 km, east of Chala, Worth and Morrison 
15618. 

H. involucrata Beiith. Mexico: Temascal tepee, Penoii, 1700 m., Hinion 
Temasealtepec, Tejnpileo, Hinton 1597. Previously Iviiown onlv from 
Bentham’s type, collected at Saltepee by Karwmski Both spei^imens, like 
the type, liaA^e the leaves and capitula in threes. The involmn’e is very 
eonspienous. 

H. hirsuta Knnth. A specimen which is apparently referable to E. hir- 
Knnth, has been collected in Los Llanos, Bio M^a, near Matabiibosa 
m Ciuitrecasas (no. 4242). If this species, it is the first time it has been 
found in Colombia, although knoAvn from Venezuela. However, the colii- 
nielia of the gynobase, which in H. hirsuta equals the ovules in lengtlq is 
seemingly wanting in this specimen. The nutlets are alveolate, however, a 
chai acteristic of the section tKylodontes to which JET. hirsuta is assigned. 

H, viilicaulis Epling, sj). hoy . (Poly desmia : Vulgares) . Herbae perennes 
ntrmiqiie pills longioribns molliter pilosaeq foliorum laminis sat amplis, 
h-ll enu^ iong]^, late rhomboideo-ovatis, 6--9 cm, latis, in apiee leniter 
acnminatis, in basi plus minute cnneatis, marginibus duplieiter serratis, 
paginis ambabiis molliter pilosis ; petiolis plus minnsve marginatis, 1-3 cm. 
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verticRllastiris in spicis coinpaetis, pediuierilis eirciter 2 iiim, loiigis 
ela.tis; bracteis paiicis, vix m.eHlbranaeei^s, eirciter 5 iiiriL loiigis aciimiiiatis 
iniK'foiuitis, (viliatiw et paulo Tillosis, ealrcibiis fiorentibiis eirciter 3 mm. 
loiigis, (lentibiis tiibiim >snbae(p.iantibiis, setaceis, vix tanieii rigidis, eqiii- 
loiigis, tubis inatnris 5 mm. loiigis, teiiiiibus, deiitibua fere 2 laiii. loiigis; 
e()rolbiriini tiibis 5 iiiin. longis; mieiilia obloiigis iii apiee rotiiiidatls. 

Bkaeil — ^MATTO GROSSO: Mariboiido, Rio S. X/oiireiico, lYf 1911, MoeJine 
mm (TYPE, Univ. Calif., L. A.) . 

H. brachypoda Epling, sp. iiov. {Ceplialoh fptis: Ma rruhimtnie) . Herbae 
A^ersimiliter perennes eaulibiis iitrimque pilis aseeiideiiti-appressis iiiol- 
liter birsutis, iiiteriiodiis snperioribiis quaiii folia fere diiplo loiigioribiis ; 
f()li()riim laiiiinis siibcoriaeeis, oxatis, 6—7 cin. loiigis, eireiter S cm. latis, in 
basi iM)tiiiidato-an.giistatis, supra medium acumiii.atis, iiiargiiiibus sat con- 
vexis, regiilariter serratis, pagina superiore sparse app:)resso-liirsiita, tamen 
subliieida, inferiore pallidiore praesertiin ad veiias appressa-liirsiita plus 
iiiinusve serieea; petiolis latioribiis sxibnullis 5-8 mm. loiigis ; eapitnlis 
maturis globosis eirciter 1.5 cm. diametro, in folioTuin siiperiornm vix demi- 
iiiit()riini axillis ])ediuiculis liirsntis 3-3.5 cm. loiigis elatis; bracteis laiiceo- 
latis 7-9 nim. longis, inox refiexis, liirtellis; calyeibris floreiitibas 4 imn. 
loMgis, dentibus deltoideo-siibiilatis fere 2,5 iiiin. longis, fere glabris, tube in 
matiiritate 4 mm. longo, glabro; coroll arum tnbo 3.5 niiii. longo; niunilis 
obscrire asperulis ut vicletur laevibiis. 

CoLOMBrA — ANTioQUiA: Cocorua, VIII. 1938, Bro. Bcmiel InSi) (USNH, 
type). In liabit this plant suggests II . hrachiata {KylodonteH), ^liso Colom- 
bian. However, the strnetiire of the gynobase and tlie obscurely roughened 
rather than alveolate nntlets, relate it to CephaloJvypf u. 

H. pseudolantana Epling, sp. nov. (Rhyiidea). Fnitex vel sirlfrntex 
altitiidine eirciter 1 m., superne sat sarmentosiis, iiiillomodo virgatns, ramiilis 
])ilis erassiuseulis in basi plus miniisve pustiilatis aseeiidentibus seabro- 
j)iil)eseentibns et superne glandnloso-puberuliis ; iiiteriiodiis foliorum laminas 
subaeqviantibiis ; foliorum laminis ovatis, vix ineBibraiiaceis, 1. 5-2.5 cm. 
longis, in apiee sat acutis, in basi rotnndatis, pagiiiis ambabiisscabro-hirsiitis, 
margiiiibvis leniter et irregnlariter serratis; petiolis 1—2 nmi. longis ; cymnb>s 
axillaribus pediineniis 3-5 mm. longis elatis ; oalycibiis foreiitibiis 4.5-5 
linn, longis, extus dense glandnloso-pubenilis et sparse ciliatis, iiitiis supra 
UKaliimi piloso-aiiiuilatis tu bis dentes subaequaritibiis sat tcmaibiis, dentibus 
(lel1()i(le()-laneeolatis, aentis; calyeibus maturis etiaiii iniciilis non visis; 
('(irallaiunn tubis 5.5-6.5 mm. longis. 

Tlie habit, not unusual for strongly suggests some species of 

Lantana, such for example, .as L. montevidensis. Tlie /Struetiire.of the' calyx, 
with its inedian annulus, suggests its association with 11. rliytiisa. 

Mexico— GUERRERO ; Aguazarca; Pile, . distr, (ty'PE, 

Univ. Calif., L. , A.) . 

' H.' pseudosinuata' Epling, 'sp*. ixov.. (Cepkaloht^ptis: M:(irruhias'trae) , 

' Herbae verisimiliter pereniies ■ eaulibus snpeme' ’ tenuiter ' villO''si:S,, , ■ iuternodiis 
quam folia hingioribus; foliorum laminis pvatis,, 4.5-5 em. longis, 2.5-3 cm. 
latis (et graudioribus in partibus iixferioribns f), obtiisiiisculiw, in basi rotun- 
datis et ad petioles 5-15 mm. longos plus minusve. euneatis, marginibus 
regulariter serratis, paginis ambabus fere tenuiter villosis; eapitnlis 
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iiiatiiris siibglobosis, 18-22 min. cliametro, viridibiis, in fx)lioruin supremo noii 
gradatiiii demiiiiitorum axillis peduneiilis 10-12 mni. loiigis dispositis; 
braeteis villosis, aiig'iiste ovatis, 5—6 mm. longis, in niatiiritate occiiltis ; 
cibiis florentibus fere glabris, circiter 3.5 nmi. longis, dentibus eireiter 1.5 
mni. longis, angiiste deltoideis, aeutis, snbaequalibus, tubo in nial:ii!*itate 3.5 
nun. longo ; eorollariini tubo 3.5 mm. loiigo. 

Colombia — huila : Cordillera Oriental, bosques mas arriba, de (.liiada~ 
lupe en Eesina, 1850-1900 m., 20.III.1940, Arholac:^ and Cuatrecasas 83(>3 
(ITSNH, type). 

SALVIA“ 

Key to Sections (p. 7, line 36). Head for ^^Invaginatas” “Hoeluieana 
et . ’ ’ 

5. S. SETOSA Fern. Mexico — durango: Tamazula, (tc ?//?•:(/ 5243. Appar- 
ently this, but the corolla tubes 4 mm. long and the lips pi’oportionately 
longer, but still hardly equal to those of 8. monamdlia. 

41. S. lavanduloides Kunth. Mexico — durango : Sierra Tres Ibeos, 
Gentry 5332. sonora: La Mesa Colorado, Gentry 546. sinaloa: Cerro de la 
Sandia near Panuco, Pennell 20106. Previously known no furthei* north 
than Jalisco. These specimens seem fairly typical and are comparable to 
Gnatemalan specimens, as for example, Standley 58580. The Sonoi*an speci- 
men is more glabrate, but scarcely to be distinguished from Hinton 134, 
from Temasealtepec. Guatemala — zacapa: Sierra de las Minas, 1000-1500 
m., Steyermark 29701, san marcos; Sibinal, 2500 m., Steyermark 36070. 
jALAPA: Cerro Alcoba, near Jalapa, 1300-1700 m., Steyermark 32604: 
between Quisiltepeque and Potrero Carrillo, 1800 m., Steyermark 33020; 
same place, Steyermark 33021 (an albino) . 

47. S. ALAMOSANA Rose. Mexico — sinaloa : Cerro Colorado, Gentry 5210. 
SONORA: Saueito eaii}X)n, distr. Alamos, Gentry 688. The second s|)ecimen, 
from the type locality, has sparse spreading glandular bail's in the infiores- 
cence instead of the usual downwardly curled ones. 

50. S. iNCONSPicuA Benth. Mexico — michoaoan: Sierra Torricillas, Coal- 
coman, 2420 m., Hinton 12402; 12361. guerrero: Toro Muerto, Mina,, 2350 
111 ., Hinton 14763; Teotepee, distr. Mina, 2500 m., Hinton 14806. 

52. S. chalarothyrsa Pern. Mexico— michoacan : Coalcoinan, 1200 in., 
Hinton 12329; Coaleoman, Salitre, 1200 m., Hinton 12171. Known fire- 
vionsly only from the type, collected in Jalisco. 

54. S. Pavonii Benth. Peru — junin: Prov. Tarma, between Palca and 
Carpapata, 2900 in., Stork 10956. Previously known only from the type, col- 
leeted in Pern without data by ( ?) Dombey. The leaves of this specimen are 
somewliat more lax than the type, now at the University of Oxford, other- 
wise it is very similar. The sessile glands wFich cover the leaves and branches 
are evidently quite conspienons and are said by Stork to be cinnabar red. 
The corollas are lemon yellowx Wliat appears to be the same species was 
collected, supposedly by Lobh (no. 82), and attributed to Colombia by 
Hooker., 


2 The serial numbers and cited paginations refer to a previous paper, ^^Bevision of 
Salvia; Calospbaee’Mn Rep, Spec. Nov., Beili. 110. 19a9. 
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57. S. coRRUGATA Valil. Pert; — huancavelica : Prov. Tayaeaja, Qae- 
brada south of Saleabaiuba, 3300 in., Stork and Horton 10297. The flowering* 
calyces are 9 inin. long and the corolla tubes are 18 nim. long, the upper lip 
being 10 inin. long. 

58a. S. pseudorosmarinus Epling, sp. nov. (Corrugatae) . Snffrutex al- 
titiuline ad 60 ein. rainis virgatis viscidis pilis iniiiutis extensis glandulosis 
et majoribus crispis eglandulosis vestitis snperne villosis, utrimque ad basim 
rainulis breTibus f oliis f astigiatis oriiatis subnioniliforniibus ; f oliornm 
laininis biillulatis habitus Rosmarmi linearibus 1-2.5 cm. longis, valde revo- 
lutis, in apiee obtusis, in basi inodo truncatis niodo hastatis, pagina superiore 
minute glandulosa inferiore obumbrata villosa; petiolis 1-3 mm. longis; 
floribus lit yidetiir solitariis in folioruni supremorum paulo demimitorum 
axillis positis; calycibus florentibiis 9-10 mm. longis, extus viscido-villosis, 
trimneronatis ; eorollarum atro-cyanearum tubo 15 mm. longo, labia supe- 
riore 5 mm. alt a, inferiore fere duplo longiore. 

Peru — la libertad: Prov. Santiago de Chuco, Cachicadan. Open 
sliriibby liillside, clav soil, 2900 m., 25.XI.1938, Stork and Horton 9968 
(type, Univ. Calif.,, L. A.), 

This species bears all the earmarks of the section Corrugatae save for 
t]i(‘ fact that the flowers are borne in the axils of the upper but little modi- 
fied leaves. It would accordingly be sought under Tomentellas in the Key to 
tlie Sections (p, 9). The Key should therefore be emended to read (p. 9, 
line 28) as follows: 

Prutices sarmentosi vel suffrutices pilis fre(|u enter ramosis; styli 
ramus anticus sat attentuatus vix complanato-deltoideiis. I. Corollarum 
tubi ad basim valde invaginati; folia habitus Rosmarini 11. Corrugatae. 
11. Corollarum tubi sat ventricosi, vix tamen invaginati nisi rugis binis 
oblique intus obscure ornati 3. Tomentellae. DD. Staminum gubernaeula 
vel integra, etc., ete.^’ 

Tlie foliage and the dwarf lateral branches are highly distinctive and 
closely simulate those of Rosemary. 

99a, S. RHOMBiPOLiA R. & P. Peru — ^ancash: Prov. Santa, Lomas de 
Mongon near San Rafael, between Casma and Huarmei, Stork, Horton and 
Yarga.s 9177; same, Lomas de La Chay, 40 km. north of Barranca, Stork, 
Horton and Varga,^ 9213. 

no. S. SAGITTATA R. & P. Peru — ^LA LIBERTAD: Prov. Santiago de Chuco, 
above Cachicadan, 2800 m., Stork and Horton 9958. 

111. S.,'RHODOSTEPHANA Epling. ■ PERU— A YAcucHQ OcTos, Pajonal to 
Ayacueho, 9000 ft., Balls 6925. A more accurate description of the corolla is 
now possible. The tubes vary from 22-25 mni., the upper lip from 7-9 mm,, 
the lower lip being about twice as long. The stamen connective is 30-40 
niHL long. The color may vary from pink to ‘‘blue or pale mauve.’’ 

118. S. MENDAx Epling. Guatemala— JALAPA : Between Qiiisiltepeque 
and Potrero Carillo, 1800 m., Steyermark 33073. zaoapa ; Sierra de las 
Minas, lOQO-1500 in., 

21A, Gentryana 

Plerbae perennis sat erassae pilis ramosis molliter pubeseentes f oliis sat 
magiiis ovatis petiolatis; floribus pedieellatis, tribus in vertieUlastris bracteis 



558 


BULLETIN OF THE TOKREY CHUB 


I VOI.. ()8 


|)arvis eadii(?is subteiitis in spicas axillares vei sprenias pauiculatas (/on- 
fertis;. calyeiim parvoriiin truiieatorum iabia sviperiore 5-venis ; (-orolhuTnii 
roseo-purpiireariuii tiibo recto intus undo (piani calyces loii^'ioro, 

labia siiperiore ereeta vix jraleata, iiiferiore latiore vix tainen (iTiarn sni)eri()r 
loiigiore; staniiiiibns act fauces positis ultra laliiani sii|)ei*iorem nxsertis, 
g’nberiiaciila integTO vet ad coniiexiuii cleiite extenso ornalo; styJi g]aJ)!*i 
ranio postiee snbniillo. 

122b. S. trichostephana Bpling*, sp. nov. {Gentryan(i) . Herba pertviniLs 
crassa altitudine ad 2 in., rainis pilis rainosis sat dense vestitis interivodiis 
speciminis suppetentis (|iiain folia brevioribus; folioriiin Jainiiiis OAnitis, 
8-11 cm. loii<ris, 4-7 cm. latis, ereiiato-serratis, ivdgimi siiperiore pilis ramosis 
parvis sparse eonspersa, iiiferiore einerea; petiolis 2-2.5 cm. lon^’is; spiels 
gracilibus sat confertis 5-6 cm. lon^tis, iiiferioribiis axillaribus, suja-iboribus 
panieulatis ; fioribiis tribns in verticillastris bracteis cadii(.'is parvis siditeii- 
tis, pedieellis 3 mm. long'is elatis; calycibiis fiorentibus 2.5 mm. lon|i‘is, sub- 
triincatis, pilis simplicibns siibappressis hirtellis in matiiritate noiv visis : 
corollariim roseo-purpurearinn tube 5 mm. lon<»‘o, recto, labia sri|)eriore 2.5 
mm. alta, iiiferiore ae((uilonga rotunda ; staminibus ultra lahiam siiperi- 
oreni 3 mm. exsertis; g'ynobasis cornu ([uam nuculae tri]ilo longiortv 

Mexico — sinaloa: Puerto a Tamiapa, 6-8.111.1940, Geniry :lSi() (type, 
Univ. Calif., L. A.). 

This remarkable iilant does not resemble any otlier continental section 
in floral structure, but suggests most nearly the section WrigJriiana of Cuba, 
and Haiti. That section differs however in the fact that the uppei* lip of 
the calyx is B-veined, the lower lip of the corolla is longer than tlie upper, 
the corolla is blue and the pubescence simple. 

In the Key to the Sections (p, 6, line 34) this section would be sought 
near Hastatae, Micrantliae and EhomhifoUae. That portion of the Key 
should therefore be emended to read as follows: 

^‘CC. Calyeum labia superior 5-7 venis et ultr*a. I). CoiMiilarvuii tul)i 
3.5-6 mm. longi; styli glabri ramus posticus sae])ius brevior etiam subnurii. 
E. Folia palaeforma; Sores oppositi eaerulei; heihae |)r()(nunbentes colom- 
biaiiae (vide etiam Blakea) 18. EaHtaiae. BE. Folia ovata vel deltoideo- 
ovata; Sores 2-6 in verticillastris et ultra. Herbae iierenues siiial()enses 
crassae ramis pilis ramosis vestitis; eorollae roseo-purpureae 21a. Gen- 
tryana, FF. Herbae paiwae saepius aunuae pills simplicibus vesitae; eovol- 
lae eaeriileae. G. Stamina e labia siiperiore vix exserta; plantae bortnili- 
americanae nisi insnlarum Galapagos 14. Mieranthae. GG. Stamina sat 
exserta; plantae andinae 16. EliomhifoUae. DD. (hirollariim tul)i 10-43 
mm. long], etc., etc.” 

134. S. HiRTELLA ValiL Ecuador — tunguragua : Moelia, Hacienda Yana- 
g*aea, 10,000 ft., 7. XL 1939, Balls 7184, ‘‘Leaves small, making a dense mat 
several feet across, on stems which creep along the ground and from whicli 
the Sower stems stand upright.’' The bracts may be decidiious in fruit. 

135a. (149) S. praeclara Bpliiig, Eep. Spec. Nov., Beih. 85: 121. 1936. 
A shrub or perennial herb as much as 2 m. tall, its stems glandular and 
viscid with spreading hairs of varied length, as much as 2* mm. long; leaf 
blades membranous, commonly 6-12 cm. long, 5-12 cm, broad, mostly del- 
toid in outline, somewhat acuminate at the apex, broadly and definitely 
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<R);r(late at tlie base, or the upper ones deltoid-lanceolate and siibtruncate, 
their inarj’‘iiis irre^'itlarly and rather coarsely erenate or serrate, both sur~ 
Ibices bri^^'lit yreen and nearly g'labrous, thinly g'landiilar on tlie upper stir- 
faces with spreading hairs, and along the veins beneath; bracts fiigacioiis, 
‘1-5 min. long, ovate-aciiniinate, hispidixloiis ; flowers several in each ver- 
ticil, tlie gloinernles at lengtli 1-3 cim distant; flownring calyces 8~11 mm. 
long, often reddish toward the ti]3S, glandular with spreading hairs siniilar 
to tliose of the stems, 12-13 mm. long at maturity, the lower calyx teetli par- 
tially connate, the mature pedicels 5-6 mm. long; corolla bright clear crim- 
son, its tube 14-25 mm. long, bearing an elliptical dense areole of stiffish 
short hairs on the lower side above the ovary, the upper lip 7-8 mm. tall, 
the lower about twice as long, the middle lobe ample; stamens seated about 
3 nun. below the orifice, the filaments 7-9 mm. long, the connective 30-32 
min. long, tlie ruddei* 12-13 mm. long, bearing a sliarp spreading tooth. 1.5 
mm. long, whieli projects from the throat. 

Previously known only from the type, collected by Pearce in Mecoya 
Valley. Tlie following specimens have permitted a more accurate descrip- 
tion of this species and, with adequate material of the corollas, its assign- 
ment to Sect. Mineatae rather than Sect. CyUndriftcrrae. This species not 
improbably has horticultural value. According to Eyerdam it is sweetly 
s(*ented witli the odor of lemon. 

Bolivia — cochabamba: Prov. Mizque. Vilavila, 2500-2600 m., Eyerdam 
25079^ 25022^ 25329; 3 km. south of Cochabamba, 2800 m., Eyerdam 
24929, 24931; 1 km. northwest of Vilavila, 2500 m., Eyerdam 24974. 

The Key to the Sections (p. 7, line 11) should be amended to read as 
follows : 

11. Plantae ArgcMitinae ct Bolivianae; hracteae deciduae 28. Mitieafae. 

The Key to section Mineatae should read as follows : 

Calyces floreiites 14-17 :mm. lougi ; corollavum tiibi 23-28 mm. longi; 

plantae argeiitinae 135. S. ex.<ier(a. 

Cjilyces floreiitevS 8-11 nim. loiigi; corollarum tubi 14-25 mm. longi; 

plantae Ivolivianae 135a* 8. praeclara. 

141. S. TiTBiFLORA Siu. Peru — ANCAS ii : Prov. Santa, Lomas de La 
Cluiy, 40 km. north of Barranca, Stork, Horton and Va/rgas 9202. 

142. S, STRIATA Benth. Peru — apurimac: Prov. Andaliuaylas, Pincos, 
2700 in., Stork and Horton 10667. fields everywhere; an annual herb to 
,5 m. ; cminmon eastward as far as Cuzco. 

143. S. opposiTiPLORA K. & P, 'Peru — cajamarca: Prov. Hualgayoe'near 
Bambamarca, Stork and Horton 10030. The pubescence of the infiorescence 
and calyces is quite variable in this and in a second collection from Depto, 
Lima, The calyces and branchlets may be either glabrate, with a few eglan- 
dular hairs, or spreaxUng-glandular. 

' 154.' S'. Haenkei Benth.' B olivia— CHUQUiSACA:' Near Sucre, 8,500 "'ft.',, 
HaUs.. 6174.4: : 

173. S. OINNABARINA M. & G. GUATEMALA — JALAPA : Volcail Jumay, 
1800-2200 in., Steyermark 32433; Cerro Alcoba, near Jalapa, 1300-2200 

m., Stt^yermark' 325384 
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177. S. Orbignaei Bentli. Bolivia — chuquisga: Near Sucre, 8,500 ft.. 
Balls 6151. 

184. S. NiTiDA (Mart.) Benth. Mexico — guerrero: Sierrita rieai* Galeaiia, 
950 m., Hinton 14997. Known previously only from tlie type, collected at 
Jiiquila in Oaxaca. 

189. S. Mocinoi Bentli. Guatemala — san marcos: Volean Tajiiiimkio, 
1300-1500 m., Steyermark 37959. The lips of the calyx tube of this specimen 
are scarcely 1 mm. long. 

202a. S. trifilis Epling, sp. nov. {Flocciilosae) . Herba pereniiis eaulibns 
asceiidentibns altitudine ad (?) 60 cm., inter folia pilis exteiisis simplicibns 
eglaiidulosis sparse ornatis, inter flores extensis giandnlosis dense vestitis; 
folioriim laminis ovatis 3-5 cm. longis, 2-3.5 cm. latis, in apice aeiitiusculis, 
in basi rotuiidatis (? interdnm siibcordatis) , marginibiis serrulatis, pagina 
superior e viride pilis sinijilicibns interdnm ramosis sparse hirsiita, inferiore 
cinerea pilis ramosis sat tonientosa ; petiolis 1-2.5 cm. longis elatis ; fioribris 
eireiter 6 in vertieillastris bracteis eaducis subtentis, glomerulis caeruleis 
inter se 1-2.5 cm. distantibns in spicis interruptis 15-20 cm. longis dispositis; 
eaiycibus floreiitibns 6 mm. longis extns pilis extensis giandnlosis lit videtiir 
viseidis, labiis sat liiantibus acntis in matiiritate paiilo anetis; corollarum 
caerulearnm tube 6.5 mm. longo, labia superiore 3.5 mm. alta. 

Peru— CA JAM arc A ; Prov. Cuteros, Siicse Kiver Valley west of Socota, 
2800 in., Stork and Horton 10105 (Univ. Calif., L. A., type). 

This species might readily be mistaken for S. cuspidata, known from 
Lima. However, the stamen structure and the branched pubescence of the 
leaves readily distinguish it. In habit and pubescence it also resembles some 
of the species of Scorodonki, a Mexican section, such for example as 8. melH 
sodom. However, the herbaceous rather than fruticose habit, the more spread- 
big jaws of the calyces and the epapillate corolla tubes distinguish it from 
that group. 

224a. S. capillosa Epling. A reconsideration, of this species, together 
with 8. sapinea, suggests the essential unity of the sections S(n)rodonia and 
Lncajf although the extremes are rather diverse. Until more material is avail- 
able for better understanding of the complex, it seems preferable to consider 
them as a single section, which would preferably take the name of 8eorodonia. 
The Key to the Sections which refers to them can be bettei-ed to read as fol- 
lows (p. 11, line 37) : 

^'KK. Corollae saepius caeruleae vel cyaiieae, rarius albidae vel roseo- 
purpureae; caiiles vix decurrenti-villosi ; plantae imprimis mexicanae. L. 
Corollarmn eaerulearum vel albidarum labia inferior quam galea lougior 
(vide etiam 59a NivaBs; corollae albae albo-pilosae). M:. Folia modo ob- 
iongo-laiieeolata vel linearia et bractea saepius decidua modo ovata tamen 
bractea saepius perstata; corollarum tubi intus nudi (8. leptophylla et 
simUs exeeptae) 46. Farimceae. MM. Folia ovata vel deltoidea (8. oceiduae 
obloiigo-lanceolata) ; bractea decidua; corollarum tubi intuS ad basim rugis 
bmis vel papillis ornati, rarius nudi 43. Scorodonm. LL. Corollaruin 
eyaneanim vel rbseo-purpurearum labia inferior quam galea subaequilonga 
vel brevior. M. Folia deltoidea, bullulata; eorollariim tubi albi, labiae 
eyaneae o2. Atratae. MM. Folia ovata-elliptiea in basi angustata {8 fes- 
tivae rotiuidata) ; corollae vix bieolores. 59 . Mamnia 
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Foi lowing* m a suggested modificatioii of the Key to Scorodonia to include 
the species of Urieae (p. 167, line 18 seq.) : 

(Jorollartun tvibi 5-15 imn. loiigi; folia pilis loiigioril^us saepius appressis 
frequenter glaiidulosia liirsnta, interdum glabra. 

Folia ];>lc‘rumquc 4 eiu. loiiga et ultra; petiolia saepius ])lus quaiii 1 
eui. ; rauiulorum pili luagnam pai*teiii 2-3 min. longi. 

Corollarum tiibi 5-7 mm. loiigi. 

Corel laniin tubi intus ad basim rugis binis oriiati; plaiitae 
Sail Luis Potosi, Hidalgo, Mexico, Guanajuato, Tlaxcala 

et Puebla 224. S. ainarissima, 

Corollarum tubi iutus nudi; x’>laiitae Oaxaca et Miclioaean. 

224a. 8. capillosa. 

Corollarum tubi 8-15 mm. longi; jilaiitae guateinalenses vel 
mexicanae. 

Folia utrimque ])ateiitim liirsuta et subtus saepius tomeutosa ; 

jilantae guateinalenses 225. 8, Vrica. 

Folia utrimque glabra et viridia, nisi ad venas sxiarsissiine 

pilosa; plantae mexicanae (Guererro) 225a. 8. mpinea. 

Folia plerumque minus qiiam 4 cm. longa; petioli rarins iilus quam 
1 cm. ; ramiilorum jiili inagnam xiartem 1—2 mm. longi. 

Ramuli utrimque pilis glandulosis plus ininusve vestiti etc. etc. 

225. 8. ITrica Epling. Guatemala — chiquimula : Montana Noiioja, near 
(jaiiiotan, 600-1800 ni., Steyerniar'k 31697 ; Voleaii Qnezaltepeqiie, 1500-2000 
in., Steyermark 31493, jalapa: Zapote, near San Pedro Piniila, 1500 m., 
Steyermark 32958; Montana Miramiindo, between Jalapa and Lago Ayarza, 
2000-2200 ni., Sfeyerniark ,9.2794; Potrero Carrillo, 13 mi. N. E. of Jalapa, 
1500-1700 in., Bteyermark 33129, 

225a. S. sapinea Epling, sp. nov, {Urieae), Suffriitex altitudine ad 1.5 m. 
rainiilis gracilibus fere glabris tanien pilis longioribus extensis vel reeixrvis 
sparse coiispersis tanien inter flores brevibns glandulosis et crassioribiis dense 
obsitis; folioruin laininis cordato-ovatis, 6-12 cm. longis, dr-8 cm. latis, in 
apice breviter et abrupte acuminatis, in basi saepe obliqiiis, marginibns ser- 
ratis, pagina superiore fere glabra breviter et sparse birtella inferiore ad 
venas pilis longioribus appressis sparsissime ornata, petiolis 3-10 cm. longis, 
villosis; floribus 6 in verticillastris sat densis braeteis eadueis parvis sub- 
teutis, gbiinerulis inter se 1-2 cm. distautibiis in spicis interruptis 15-20 cm. 
longis strietioribus positis; calyeibus florentibns piirpureis 7-8 mm. longis 
extus pilis glandnlosis brevioribns extensis et paueis crassioribiis obsitis, in 
maturitate paiilo auctis; labia superiore 3“-5-7-veiiis ; pedicellis 5-6 mm. 
longis elatis; corollarum vioJacearum tube 9-12 mm, longo intus papillis 
quatiior ornato, labia superiore 4.5-5.5 mm. alta, inferiore dnplo longiore. 

Mexico— GUERRERO : Teotepec, distr. Mina, 3375 m., in open pine and fir 
forest, 6.XI.1939, (type, IJniv. Calif., Ij. A.) 

The nature of the stamen connective is somewhat variable. It is iisually 
almost entire or with a slight tooth toward the middle. Oeeasionally, however, 
the tooth appears to be somewhat assurgent, in which case the species might 
be xnidex FernaW^ IG), from which it may readily be distlin^ 

giiished in a number of ways. If only those calyces which have a 3-vemed 
upper lip are examined, the species would be sought under Polystachyae^ 
from which it would be at once distinguished by the size of the corolla, the 
corolla tubes of that section rarely being over 6 mm. long. See 224a, this 
paper, for key. 
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228. S. rORDATA I^RUGT^AY — SALTO: 8>ilB Allloilio, (Ml RUtblillas 

pedrep:osas/XI.l937, Orihuela {Rosengurlt 268:2). This siahmcs has Iambi 
kiioABi pre\'ioiis]y only from Eio (Iraiide do 8iii. 

243a. S. Jacobi Eplin?'. M.exkxi — ouERm^RO: 'Vf'scMB'osJ.haiz Ih'K^ihmL 3050 
m., Iluiton 14891. 

253. S. rvpara Bricp Tliis speries, predomiiiaidiy ol north wt'sla^ni Aryoiu 
tiiia and adjacent Bolivia, may be represented by Kifvrdxtm 2 //U>7 , erilleeted 
at Gocliabamba. Coebabamba, however, is the t}"pe loeality ot N. [}l(f i ifshfiiia 
EpL, known only from specimens collected there by Bang (no. 2032) and 
Holway (no. 386). The habit, pubescence and flower size ot Eyerdam ’s s}>eci- 
men stroii^'ly sn^'^'ests 6k rypara, save in the fact that the leiu'es imid to b(‘ 
deltoid. Whether both supposed species occur tliere, whetluu* tlie lyresent 
specimen is a variant of S. platystorna or whether tliese species ar(‘ in iaet 
one, is obscure. 

267. S. kShannoni J. D. Smith. Gttatemala — OHiQniMiiLA: Montana 
Castilla, near Montana Cebollas, 3 mi. S. E. of QiiezaltepcMpie, 120()”-ir)00 ni., 
Steyermark 31220. On Socorro Mountain between Bim-a San elosc and Mon- 
tana Nube, 1200M700 m., Steyermark 30924. 

273. S. Saccxjlus Eplino-. AIexioo — nuevo leon : Below Alaniai*, about 
15 mi. S. W. of Galeana, Mueller and Miieller 1133. 

281. S. PiLiPES Benth. (S. decora Eplin|>* in Ilej). S])e(/. Nov., Beih. 110: 
222. 1939.) AIexico — guerrero; Armenia rja<i‘unas, 1900 m., Mina, JI inton 
9762; Puerto Rico, 1800 m., Hinton 14980; Chilaeayote — Carrizal, 1400 im, 
Hinton 14921; Yeseeros— Cruz Pacifica, 2550 m., Hinton 14900. Yhe three 
most recently collected specimens demonstrate the unity of tliese speides, for 
they seem clearly to connect the two types, separable chiefly becausi* of tlie 
narrower leaves, smaller and reflexed flowers of S. decora. Tlie flowers ma,\^ 
be either white or pale blue. 

282. S. pLtjRispicATA Eplin^', Mexico — mkihoacan : Mt. Tam'itaro, 2850 
m., Hinton 15527. Although more closely allied by habit to s|)e(des of lOdy- 
stachyae, as indicated previously, the corolla tubes of this welbniarked sjie- 
cies are frecpiently epapillate. Such plants would be sought under Angulatae. 
The styles of the present specimen are glabrous, an unusual (‘ouditiun in tlie 
small, blue-flowered sections. 

293. S, pineticola Bpling, sp. nov. {(larneae) Uerba (f) fiereunis altitii- 
dine 60 cm., eaiilibiis siiperne pilis decurvis minutis inaguam |)arteni eglan- 
diilosis piibescentibiis, internodiis quam folia brevioribiis; f()li()rum lainlnis 
late ovatis, 5~8 cm. diametro, in apice breviter acuminatis, in basi subtruii- 
catis vel leiiiter cordatis, marginibus convexioribus, serratis, pagina superiore 
hirtella, inf eriore pimesertim ad venas pilis erassioribus articulatis sparse vih 
losa; petiolis 5“7 cm. longis; floribus 3-6 in vertieillastris bracteis eadueis 
subtentis, in spicis confertioribus 5-15 cm. longis dispositis, gloinerulis inter 
se 5~“10 Him. distantibiis; pedicellis 3-5 mm. longis ; calyciibns florei^^^^^^^^^ 
teniiibus mmnbraiiaceis viridibus 5 mm. longis, in maturitate 7 mm. longis, 
extiis glabris, mxllomodo glandulosis ; eorollarmn albarnm tubo {) mm. lougo, 
labia, superiore '4' Him. alta. 

■ MEXICO--VERA CRUZ: LomagrandehMt. Orizaba, fl700 ft, 27.VIXL1938, 
Balls 5368 (USNH.type). ; ' ' '■ . 
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111 tlie amended key to the section this species would be sought near 294. 
S. gracilis from which it can be distinguished by the curled eglandular 
puliescenee of tlie stems, the relatively broad leaf blades, the (? always) 
white (M)rollas and glabrous, thin calyces whicli are greenish, rather tluui 
tinged witli red. 

294. 8, GRACILIS Benth. (Iuatemala — quezaltenango : Yolean Zanil, 
25(K)~2800 m., Stcyermark 34612. Calyces nearly 10 mm. long at maturity, 

6 inm. in flower. Corolla tubes 12 mm. long, the upper lip 5.5 mm. tall. 
Otherw^ise like typical specimens gathered in this vicinity (Standley 67330). 
Specimens recently collected by Hinton {no. 15397) in Cuerrero near 
Galeaua between Piedra Aneha and Tres Cruces may be a white flowered 
foi‘in of tliis s|)ecies. The corolla tubes are 11 mm. long, however, and the 
leaf liabit is somewhat different. 

299. S. DEBiLis Epling. ColombIx\ — ctjndinamarca : Fusagasuga, 2100- 
24()() m., Aaielaex amd C^iatrecaHas 6604; Mun. Guasca, Paramo de Guasca, 
300-3500 m., Barriga 8093. This presumed species may have the stems of 
the iiiflorescence and calyces minutely glandular, as ^rell as (piite glabrous. 
The habit of foliage is (piite variable. 

300. S. Killipiana Epling. Colombia — cundinamarca : Cord, Oriental, 
Paramo de Gnasca, Cuatrecasas 9445. The inflorescence is glandular piiber- 
uleut only. 

310. S. roscida. a specimen collected by Gentry {no. 3651) in Sonora 
on Rio Mayo at Curohin apparently is referable to this species and raises 
the ciuestion of the identity of a more recent collection of his, {no. 5828) 
made in Sinaloa, Puerto a Tamiapa. That specimen is seemingly identical 
with the type of S. n?/wci(iiy?nra Fern., described from San Ramon, Durango, 
except that the villous pubescence of the inflorescence and calyces is almost 
wholly replaced by small capitate glands. At the same time 8\ roscida seems 
sciircely different save in flower size from S. failax Fern., described from 
Tepic. This supposed species has a glabrate analog in Mexia’s specimens 
from Jalisco {no. 1688). Furthermore, 8. remissa EpL, described from 
Jalis(R) {Mexia- 1559) is very similar to 8. failax^ and specimens recently 
gatliered in Michoaean by Hinton { nos. 12128^ 12480, 12357^ 12208)., which 
seem referable to that species, are in turn scarcely to be separated from 
aSV mifchK/hrr a. It seems probable, therefore, that f?. 8. 

failax Fern., and 8. remissa Bph are all referable to 8. roscida Fern, and 
form a species wdiieh ranges from Durango and southern Sonora to Micho- 
aean. In this species the pubescence of the infloreseence varies from nearly 
glabrous {M.exia 1683) to finely glandular {Gentry 5828) or commonly to 
villous, as in the remaining specimens. The bracts are either deciduous or 
subpersistent. More abundant collections are needed to reach a decision. 

, ' ' 312. S.' ARTHROCOMA Fern." Mexico— VERA cruz : Jalapa, ' San':' Migtiel, 
6,500 ft., Balls 4724. This specimen appears to be nearest to 8l arthroecmia, 
known only from the type locality in Hidalgo, to which it is similar in gen- 
eral habit, the habit of tbe flowers and pubescence. It has smaller leaves, 
rounded at the base, and smaller flowers. Jalapa is the type locality of 8. 
xalapensis, but the present specimen seems scarcely to be that species. 

3121). S. injAGCiDiFGLiA (Angulata^^ Fern, in Proe. Am. Acad. 43: 66. 
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1908. Type: Mexico — hidalgo; barranca below Ti'midad Iron Works, 

Pringle 1029S (Gvax). , 

licrbci verisiiiiiliter suftruticosa i*aiiiis gTacilibus su])(Vin.o liiilvllis ^ el 
plus iiiiiiiisve g'laiidiilosis ; folioruni laiiiinis sat teiiuibiivS pub^liie o\atis, b-ll 
ein. loiig-is, 4-6 cm. latis, supra mecliiun acumiiiatis, etiain subcaiuiatis, in, 
basi sarrotiiiidatis et eordatis, inargiiiibus serratis, pa^'inis aiiibabus s|)a,rse 
hirtellis; petiolis g'raeilibus plerumque 3-6 cm. lou^’is; floribiis tribus iii 
bracteoruiii eaducoruni axillis, iiiterduin solitmdis et opposilis, pedudliis 
gTaeilibiis 4-5 mm. loiigds elatis, in racemis laxis 6—8 cm. Joiigis dis])ositis ; 
ealyeiim floreiitium tiibo 7 mm. loiigo, extiis glanduloso-piiberulo, labiis 
acumiiiatis ; eorollariim eyaiiearum tiibo 13—14 mm. loiigo, galea 9—10 mm. 
Rita. 

Mexico — hidalgo: Barranca below tlie Trinidad Iron A\orks, 6.rX.1906y 
Pringle 10298. 

Similar to S. cijananfha but the leaims cordate at tlie base and the 
flowers somewhat larger and of different conformation. Tlie key to this sec- 
tion is ill urgent need of revision, but the material at hand is as yet Imixii}^ 
sufficient. In the present key, this species would probably be sought near 
S. myriantha. 

314b. S. trichopes Epling*, sp. nov. {An<f ulatac) . Herba sutfruticosa, lit 
videtur ramulis gracillimis glaberrimis ; foliorum laminis ovatis, 2.5-4 cm. 
loiigis, supra medium acumiiiatis, in basi rotundatis,^ marginibris seivratis, 
pagina siiperiore hirtella vel glabra, inferiore glaberrima; petiolis fil if omn- 
ibus 1. 5-2.5 cm. longis; floribus tribus in verticillastris braeteis cadiuos sub- 
tentis, pedieeilis gracilibiis 3-4 mm. longis elatis; glomerulis laxis inter se 
1-2 cm. distaiitibiis in spieis interruptis gracilibiis laxis 15-20 cm. longis 
dispositis; ealyeibus florentibns 6 mm. longis, sparsissime hirtellis, iu nia- 
tiiritate paiilo aiietis; eorollariim rosearum tnbo 10 ram. longo, laliia sii- 
periore 4.5 miii. alta. 

Panama — chiriqxu: in vicinity of Bajo Chorro, 1900 m., Woodsoti and 
Schery 693 (Iliiiv. Calif,, L. A., type). Similar in asped: to S. langiM^^^ 
of Mielioaeaii and Guerrero, but more glabrous, witii larger flov'ers and 
deciduous bracts. 

339a. S- cyanicalyx Epling, sp. nov. (Angulafae\ Il(‘rl)a perenuis alti- 
tndine ad 1 m. ramis siiperne pilis parvis appressis hirteriis, internodiis 
elongatis qnam folia longioribiis ; foliorum laminis amplis, late ovatis, 8-11 
cm. longis, 7-8 cm. latis, in apice breviter aeuniinatis, acutissimis, in basi 
rotnndatis et ad petiolos abrnpte et angnste cimeato-angnstatis, marginibiis 
eoiivexioribiis, serratis, pagina siiperiore fere glabra, hirtella, inferiore |)ilis 
parvis albo-tomentosa ; petiolis 3-4 cm. longis ; floribus pliiribus in verti- 
cil] astris, braeteis cadneis subtentis, glomerulis inter se 1-5 cm. distantibus 
in spiels interruptis atro-eyaneis dispositis; ealyeibus florentibus atro-cya- 
neis, hirtellis, fere glabris, cireiter 9 mm. longis, in maturitate 12 mm. longis 
10 mm. latis, labiis liiantibus, acumiiiatis; corollarum pallide caeruleariiin 
tnbo sat ventrieoso, 12 mm. longo, labia siiperiore 4-5 mm. alta. 

Allied to S. mnpUfrons of Bolivia from which it differs chiefly in the 
larger corollas and proportionately broader leaves ; suggests!?, stmhydifolia' 
) in habit, but the upper lip of the calvx is definitely 3-veined. 
Peru— apurimac : Prov. Abancay, Ainpiiy, 2400-3200 m., 12.11.1939, 
3(forJi\ Sortofi and Vargas 10618 (Field Mus., ttpe). 
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645. S. AMETHYSTiNA J. D. Smith. Colombia — boy^aca: Alto carretera 
sobre Puente de Boyaca, 2800 in., Arhelaez cmd Giiatrecasas 8077. The upper 
lip of tlie tnily(*es is sometimes S-i^eiiied. Furthermore, a fact which I failed 
to note, the stamens are seated between the middle of the corolla tube and 
tlie throat. The g'eneral key should accordingly be modified to read as follows 
(p. 8Jine32): 

^ ‘ IT. Stamina vel ad tiibi medium vel inter tubi medium et fauces posita. 

l. Corollae eaeruleae infra medium patentim inyaginatae 58. Ampelo 2 :)hyllae, 
11. Corollae rubrae vel eoccineae integrae 29. Ruhescente^;/^ and on p. 11, 
line 5 : 

‘‘PI Stamina inter corollae tubi medium et fauces posita. P. Corollae 
labiae breves inferioris lacinia media incurvo-eoncava (vide etiam Albo- 
Umatas et Rul>e scent es) ; tubi integri 91. Secundae. PP. Corollae caeru- 
leae labia inferior quam superior longior et patentim detiexa 58. Ani'pe- 
lophyllae.’^ 

59a. Nivalis 

Suffrutex ramis gracilibus internodiis sat elongatis foliis deltoideo- 
ovatis petiolatis ; floribiis 3-6 in verticillastris bracteis caducis subtentis in 
s|)ieis interruptis sat confertis dispositis; calyeum labia superior e obtusa 
imprimis 3-venis, interdum 5-venis, inferior pro rata breviore acuminata ; 
corollarum nivearum extus dense albo-hirsutarum tubo iiitus ad basim pa- 
pillis quatuor ornato et sub |>apillas panic eonstricto, labiis subaequilongis j 
stamiuibus in galea inclusis in faucibus positis, gubernaculo ad connexum 
dente retrorso ornato ; stylo utrimque hirsute, ramo postieo longiore. 

351b. S. Leninae Epling, sp. nov. (Nivalis). Suffrutex altitudine ad 2 

m. ramulis pilis extensis vel subretrorsis praesertim ad suleos ornatis; 
foliorum laminis deltoideo-ovatis 4-7 cm. longis, 3-5 cm. latis, in apice 
leniter aeuminatis, in basi rotundato-truneatis, paginis ambabus pilis reetis 
praesertim ad venas sparse conspersis, marginibiis serratis; petiolis villosis 
1.5-5 cm. longis; ealycibus fiorentibus 8-9 mm, longis ad venas pilis reetis 
sparse conspersis ; corollarum nivearum extus albo-pilosarum tubo 12 inm. 
longo, labia superiore 8-9 mm. alta, inferiore subaequilonga ; staminibus 
11-12 mm., longLs. 

Mexico— (UJEERERO : Yesceros^Cruz Pacifica, 2900 m,, in pine-oak forest, 
26.XI.1939, Minton 14897 (type., IJniv. . Calif.,, L. A. ) . 

In the key to the sections this species would probably be sought near 
Maxonia.Thfd key should be amended to read as follows (p. 8, line 1) : 

“B, Corollarum tubi 6-13 mm. longi; plantae inexieanae et centrali- 
amerieaiiae. P. Folia utrimque angustata,* corollae eaeruleae vel roseae 
59. Maxonia. FF. Folia in basi truncato-rotimdata; corollae albae albo- 
pilosae 59a. BE. Corollarum tubi 15-27 mm. long (S. purpurae" 

interdnm 10-12 mm. longi; vide etiam species colombianam, 
stoma) . F. Corollae roseo-purpureae vel cocehieae. G. Folia in basi sae- 
pins rotnndata, rarius angnstata; 87. Pnrpttreae. GG. Folia in basi ad 
petioles angustata vel extenuata ; corollae eoccineae ( plantae eolombianae 
SS. Killipiana. FF. Corollae cyaneae; plantae guatemalenses 83a. Latentn 
florae.^ ^ 

If this species is sought in the category in which the upper lip is 5-veiued, 
see under species 224a (p. 560, this paper). 
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I quote from a letter of transmittal from Mr. Janies C. Hinton : “ it tliiu'e 
are any new Salvias in the lot, and if it would be in keepiiig' witli tlie dig- 
nitv of the subject, I should like to ask you to naine a Salvia, tor in\' l)!a,(6v 
mule ^Lenina, ’ which has been in the field for ten years now and lias played 
an iiidispeiisable part in the finding of a majority of our new Salvias, Itoth 
my father and myself you have already honored. Would it not thereioi'e be 
just, I ask, to send Lenina’s name also down to posterity on some new 
Salvia r’ 

I have carefully searched the pages of tlie International Rules to learn 
wdiether there is any prohibition against naming Salvias after mules, but I 
find none. And wdiat is more deserving of commemoration than tlie dignity 
of long and faithful service to science even though it be somewhat unwitting 
— or sometimes unwilling Long life to Lenina ! 

354. S. MExiCANA L. Mexico — gtjerrbro: Yesceros-Cruz Pacifica., 2850 
m., Mina, Hinton 14889; Petlacala, — ^Biienavista, 2600 in., Mina, Hinton 
14S78. These specimens are apparently referable to the form which was 
named Inpulina by Fernald. The calyces are broader and tlie lips rela- 
tively sliorter. The corollas are somewliat stouter. Branclied hairs are fre- 
quently seen. The nature of this complex is uncertain, and until nuudi more 
herbarium material is available for comparison, no certain com*! visions can 
be made. It appears probable, however, that three entities are involved. 

379a. S. betulaefolia Bpling, sp. nov. (ErythrostacJiys). Prutex inilcher 
ramulis pills pins miiiusve retrorsis cinereo-pubeseentibus ; folioruiu laminis 
deltoideo-ovatis frequenter habitus Betulae, sat tenuibus, 2.5-6 cm. longis, 
2-4 cm. latis, supra medium saepius aeumiiiatis et in apice acutis, in basi 
saepius truiieatis, irregulariter dentato-erenatis paginis ainbabus pilis ex- 
tensis sparse pubeseentibus ; petiolis 1-2 cm. longis ; floribus oppositis in 
panieulis paueifloris brevibus bracteis parvis coloratis jierstatis subtentis 
dispositis; calyeibus fiorentibiis pulchre coceineis 16-20 mm. longis, sparse 
hirtellis, in maturitate panic auetis subinflatis et infra medium angusta,tis ; 
corollarum pulchre coeciiiearum tubo 35-37 nvm. longo, lal)ia superiore 
16-17 mm. alta. 

Mexico— DURANGO : Tejamen, 21-27. VIIL 1906, E, P(diner 477 (type, 
USNH) ; Tepehuanes, 4-2AVI.1906, E. Palmer 292; Santiago Pai)(miwiaro, 
1896, E. Palmer 404, Chihuahua: Mojaracbie, 6900 ft., 30.VIH.1939, /. 
Knoiloeh o888, 

A member of the section Erythrostmhys {no, 379a) and formerly in- 
cluded by me in Regia, It is more nearly intermediate between 18, 'Regia 
and 8. 8eMei. It may be distinguished from 8. Regia by the aeuininate leaves 
which are proportionately longer, those of 8. Regia being broadly deltoid or 
even reniform, by the more irregular serratures of the leaf margin an (I by 
the pubescence, which is not only more abundant but coarser in cjuality. 
Just as the leaves of 8, Regia those of Populus tremMlokles, the leaves 

of aY hctidae/o/ia suggest those of RcL/ia 

381. S. Sessei Benth. Mexico— michoacan : Zitacuaro to Cavota, 1840 in,, 
Hinton 13160, 

389. ' S.' ' siGUATEPEQTJENsis, ' Standi. ■ Guatemala— oEiiQuiMULA : Montana 
Yube (Voleaiicitos), southeast of Concepcion cle las Minas, 1500-1700 m., 
Steyermark ,30912; 30913. P*dTt]j intermediate between this species' and 
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Karwinskii. Tlie latter, in typical form, lias been collected in Guatemala and 
it is entirely possible that S. slgiiaiepeq-uensis is only a soiitliern phase of it. 
The calyces are hispidnlons and glandular. 

31)0. 8. IvAKnvTNSKn Ben til. Mexico — chiapas: Volean Taeana, Cbiqui- 
Iruite, 28()0 in., Matuda 2826, Guatemala — jalapa: 6 mi. south, of Mira- 
iniindo, IMon tafia Miramundo, 2000-2500 m., Steyermark 32705; 32757, 
jutiapa: Volean Suchitan 2050 ni., Steyermark 31900, san marcos: Volcaii 
Taeana, 2200-2500 rn., Steyermark 36040 (an epiphyte on lower trunk of 
forest tree) . 

392. S. Wagneriana Polak. Guatemala — chiquimula: Montana Nnbe 
(Moiitaha yoleancitos), southeast of Concepcion de las Minas, 1500-1700 
m., Steyermark 30916. 

Tlie general key to sections (p. 11, line 32) should be modified to read as 
follows : 

J. IMantae peruvianae; corollarnm tubi 13-23 mm. longi 64. Pavonia, 
JfT. Plaiitae mexicanae vel eentrali-americanae. K. Corollaruin caerulearuni 
tubi 3.5-15 mm. longi 43. Seorodonia, KK. Corollarnm coceinearum tubi 
18-25 mm. longi 70. Gardinales.’^ 

391. S. Holwayi Blake. Guatemala — chiquimula: Kio Taco, between 
Chiquiniula and Montana Barriol, 500-1200 in., Steyerniark 30627, Zaoapa : 
Sierra de las Minas, 1000-1500 in., Sieyermmrk 29665. The leaves of this 
variable, but readily recognized species, may be as much as 13 cm. long and 
8 cm. broad, the petioles being as much as 7 cm. long. The corolla tube may 
be as shoi't as 15 mm. 

401a. S. GRAVIDA Epling. Mexico — mighoacan: Mt, Taneitaro, 2300 m., 
Hinton 15677. The flowers of this species are a beautiful rose-purple. Those 
of the present specimen appear to be more bluish purple, perhaps due to the 
accidents of pressing. It is a handsome subject and deserves introduction 
into our gardens. 

410, S. Dombeyi Epling. Peru—cuzco : Prov. Paucartambo, near Marea- 
chea, 2400 m., Vargas 11106. Described on the label as a tree 3-5 m. tall. 

411. 8. 80ANDENS Epliiig. Peru — CUZCO: Prov. Quispieanehi, Marcapata, 
near Cliile-Chile, 2000-2500 m., Vargas 9678. The type, collected in the same 
place was said by Weberbauer to be scandent. Apparently it is not always so. 
It is diffieult to determine from the material at hand, but the lower lip of 
the corolla may be the longer. The species is doubtfully referable to section 
Lonyifhrae. 

420. S. LATENS Benth. {S. laurif aim ’Epling in Eep. Spec. Nov. Beih. 85: 
102. 1936.) Colombia — ^el gauga : Popayan, Tiembio en Hatoviejo, 1800 in., 
Arbelae^' and Cnatrecasas 6067: cundinamarca : Dintel (Pacatativa-La 
Vega) , 2700-2800 m,, Ar'belaez a7id Cuatrecasas 5297. Salto de Tequendama, 
2440 'm,.,, 

These proposed species are separable chiefly on the basis of the villous 
pubescence of the stems and calyces of the former, together with the fact 
that the floivers are axillary. That both criteria are variable in the type 
locality is showm. by no, 6067 ^ and it accordingly seems preferable to consider 
the species syuonymous. Nevertheless, the plants of Cnndinamarea appear to 
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be constantly glabrous. The corollas of CuairecamH 8184 are larger tliaii 
specimeiis previously referred here, including* the type fronx tlie saine 
locality. The corolla* tubes are as much as 21 inin., tlie upper lips 19 mm. 
and the lower lips 12 niiii. long*. 

83a. Sect, Latentiflorae, 

Frutiees foliis auguste ovatis vel ellipticis in basi aiigustatis, siibciiiieatis, 
breviter petiolatis; fioribus in foliorum axillis solitariis in foliis latentibiis, 
lit videtiir luilloiiiodo in spicis dispositis ; calycibiis glabris, labiis aciiniinatis, 
siiperiore 3-venis; eorollaruni eyaiiearuni tubo siiperne gradatini ampliato 
ad basim papiliis binis inajoribus assurgeiitibus et biiiis niinoribus retro i*sis 
ornato, nullomodo aiivaginato, labia superiore erecta, inferiore subaecpii- 
loiiga; staniinibus in galea inclusis; stylo piloso, ranio postico ]ongiox*e; 
gynobasis cornu ovarium paulo superante. Plants of Giiatenuila. Tvi^e spe- 
cies: S. opertiflora. 

All amended portion of the key to the sections which includes th is secdioii 
will be found under species 351b (page 565, this paper). 

422a. S. opertiflora Epling, sp. nov. (I>afc/rf/7?crcc). GuATEAfALA. Dc])!. 
Chiqiiimula, A'olcaii Quezaltepeque, Steyermark 31469 (Field llus., tyi>e.) 

Friitex raniulis pilis extensis sat dense et inolliter vestitis, iii1er*nodiis 
qiiani folia brevioribus; foliorum lamiiiis ovato-lanceolatis vel el]i|)ti(OS, 8-9 
cm. longis, 2.5~3.5 cm. latis, supra mediiiin leviter aeuminatis, in Ixasi an- 
gustatis, niargiiiibus serrulatis, pagina superiore viride, sparse liirtella, in- 
feriore pallidiorCj sparse villosula, venis piirpureis; petiolis obscuris vix 1 
cm. longis ; floribus panels axillaribus in foliis latentibiis, pedicellis 4-5 nun. 
longis elatis; ealycibus florentibus glaberrimis, pallidis, 12 ram. longis, labiis 
aciiininatis, aeqiiilongis, 4 mra. longis, superiore triveiris; corollariun atro- 
purpureariim vel cyanearum tubo 18-21 mm. longo, habitus S. mexi(oinae, 
labia superiore 11-13 rain, alta, inferiore subaequilonga. 

Guateaiala — CHIQUIMULA: Yolcaii Qiiezaltepeque, 3-4 miles N. E. of 
Quezaltepeque, in open thickets, 1500-2000 m., 8.XI.1939, Steyennark 31469, 

447. S. FLORIDA Bentli. I^eru—cajamarca : Prov. Cutervo. Trail l)(dA\'een 
Soeota and Tambillo, forest of the Ceja de la Montana, Stork and Horton 
10190, 

The flowering calyces are somewhat smaller (12-13 mm.) tlian descril)ed, 
and the corolla tube is about 26 mm. long, the stamens being eoiuesixondingly 
smaller. However, there is no doubt as to the identity. 

454. S. EXOELSA Bentli. Guatemala — san margos: Volean Tajiimuleo, 
2300-2800 in., Steyerniark 36599, First record for Guatemala of this sp(aucs 
except the original specimen grown from seeds. See Bull. Torr, Club 67 : 533. 
1940. Mexico— GUERRERO : Paraje Javalin, 2500 in., distr, Mina, Jlinton 
15416, 

. ; Department OP Botany ' ■ 
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THE DEVELOPMENT OF THE PERISTOME IN 
AULACOMNIUM HETEROSTICHUM 


IL Ij. I Ilomqijist and Lora Lee Robert^^on 
(with twenty-eight figures) 

INTRODUCTION 

The peristouie is an iivt.eresting* stnietiire and in the systeinaties of mosses 
is eoMsidered to be of fiiuda.nieiital importance. The use of the peristome 
as a (character in classification hegan in 1801 with the publication of Johann 
Iledwij^’s Species Muscorum Frejiulosemifn, which lias been selected as the 
startinjj;* point for nomenclature in the taxonomy of tlie true mosses. Since 
tliat time the establisliment of the primary ^‘roipis of the Bryales lias been 
liascd alternately u})on the peristome, a sporopliytic structure, or upon the 
ji’a;meto))hyt(‘. In rec^ent times, however, owing’ especially to the infiiienee of 
the works of Idiilibert (1884), Fleischer (1900-1922), Goebel (1906, 1930) 
and others, a more settled opinion has developed among the majority of the 
students of mosses tliat the peristome is of the greatest fundamental phylo- 
genetic importamm. In the most recent discussion on this subject, Dixon 
(1932) says, ‘‘For one tiling it is quite clear that the main types of peristome 
among the Bryales are of great pliylogenetie importance, and are more or 
less ]n*imitive, vix., tlie Neniatodonteae and the Arthrodonteae, the latter 
divided into Ilaplolepideae and Diplolepideae. No part of our classification 
based on gametophyte characters must cut across these broad lines. 

In view of tliis iinportanee of the peristome in tlie study of mosses, it 
seems liiglily (l(‘sirable that we should have a true coneept of what this stnic- 
tnre is and some apiireciation of its variation in the different groups in which 
it occni’S. Apparently, however, there is a general lack of understanding 
of wiiat the peristome really is, and this is no doubt x>artly due to the scarcity 
of investigations dealing with its develo]nnent. Purthermore, in some of thy 
few works on this subject, ineorreet interpretations a,dd to the confusion. 

It is the purpose of this paper to present an account of tjie embryonal 
development of a double-peristomate moss which is fairly representative of 
the diplolepidious Bryales, The main objectives are to show from what em- 
hryonic celldayers a double xieristome originates, how it is differentiated, the 
relation of its mature charaeteristics to its developmental history, and tn^ 
correlate it with the peristome of a single-peristomate moss. It is done with 
the hope that, it will lead to a better and wider understanding of this inter- 
{‘sling and im])ortant structure and will stimulate further investigation. 

569 
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HISTORICAL REVIEW 

Althougii Hedwig* was the first one to give iis any knowledge of tlie stnie- 
tiire of tlie moss capsule, his concept of the structure of the peristouH' w'os 
far from clear. The first work in which this subject was dealt Avitli more ath'-^ 
quately was that of Lantzius-Beiiinga (1847). Tlie excellency of tlvis contri>- 
biitioii has made it a classic in tlie study of the niorpliology of mosses. He 
clearlv showed what the peristome is composed of, its unity of ])lan, and its 
variation in the several groups wdiich he considered. He was the first one to 
observe that the xieristome is either composed of columns of wliole dead cells 
or of only thickened portions of cells which remain after the siiri'ouiuling 
delicate parts break away. Although he worked mainly with matui*e ca])sules 
in which the peristome is fully developed, he observu^d some of tlie develop- 
mental stages ill such genera as Ceratodon and Pdytrixdinm^ Lantzius-Ben- 
iiiga observed the regularity of cell division in, the outer region of the opei*- 
culum, and called attention to the curious fact, wliieh liad previously been 
observed, that the number of parts of the peristome is always four or a mul- 
tiple of four. He attributed this fact to the regularity of cell di\^ision. 

Binee the appearance of the work of Lantzius-Beninga, the iiiA'estigations 
on the peristoma have made some progress along the following nion^ or less 
distinct lines: (1) comparative morphology of usually mature peristoimjs 
from the viewpoint of relationship and phylogeny ; (2) its function a;nd be- 
havior; (3) its embryonal development; and (4) its ininute structure and 
chemical composition. Only the last two wull be considered here. 

The early contributions to onr knowledge of the development of the 
peristome are included in the general investigations coiicerning tlie develop- 
ment of the sporophyte as a whole or of the capsule proper. Tlie most im- 
portant of these is tlie work of Kienitz-Gerloff (1878) on the dcvelofuneut^ 
of the sporophyte in several members of tlie Bryales. He oliserved, as liad 
Hofmeister (1851), tliat development proceeds from a two-sided ainx^al cell 
wliicli cuts off two rows of segments. Each of these s(‘gments then divides tiy 
an anticlinal wuill which results in a column of quadrants of (ad Is. By ariti- 
cliiial and perielinal cell division the quadrants are further divided into an 
inner square of four cells and an outer layer of eight cells. Tlie eentiail 
square, -wlneii had been called the ''Grundqiiadrat/' by Kuhn (1870), 
Kienitz-Gerloff named the ''endotheeium'' and the outer peripherah layer 
the ''ampliitheeinm.^' He show^ed further that the peristome develops f rom 
the amphitheeinm and believed that the basic number of peristome teeth is 
four. 

More special eontributions to tbe development of the peristome were 
made by Goebel (1887) on Fiinaria hy grometrica Sihth. md Polyirichym 
piliferim Schreb., by Strasbnrger (1902) on Mnium hormm Ileclw., and by 
Campbell (1905) on Funaria hygrometrica. All these accounts did not, how- 
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ever, include t,h(‘ early stag’es. An account of the development of the capsule 
of Oeralodon purpureus Brid. by Kuntzen (1913) contributed some facts 
(4)iicei*niiiji’ the early staji’es of the development of the |)eristome of this moss, 
a I thong'll he was mainly concerned with the capsule proper. 

Idle first a;nd one of tlie few complete accounts of the embryonal develop- 
nuuit of a {leristome in the Bryales is the work by Eauius and Hooker (1913) 
on (Jcratodon purpuremy a single-peristomate moss. This account is divided 
into two sections, the first dealing* with the deA^elopment of the peristomial 
la}a3rs and tlie second with the deposition of the thickenings. They found, as 
had KieiiitZ‘Gerl()lf and Kuntzen, that a two-sided apical cell gives rise to 
two rows of seini-(iireular segments. After division by an anticlinal wall each 
])a:ir of rilternating segments forms a quadrant of cells. Further division by 
pei*i(‘linal walls divides the quadrants into an endothecium of four cells and 
an ainpliitliecium of eight cells. By periclinal division of the amphithecial 
cells, two concentric layers of eight cells each are formed, tlie inner of which 
lieiannes tlie ^tinner peristomial layer.’’ The cells of the outer amphithecial 
layer tlien divide aiiticlinally and periclinally forming two layers of 16 cells 
ea(',h, and the inner of these becomes the ‘A)uter peristomial layer.” The 
cells of this layer divide no further and the number of cells of which it is 
composed (16) determines the number of peristome teeth. The eight cells of 
the inner peristomial layer then divide by anticlinal walls in such a way that 
about three cells of this layer correspond to two cells of the outer peristomial 
layer. The cells of the outermost layer divide hy less regular alternating anti- 
clinal and periclinal walls so that about three layers are formed external to 
tlie outer peristomial layer. The innermost of these layers is composed of 32 
cells so arranged that two cells correspond with each cell of the outer pexu- 
stomial layer. Tlie Avails upon which deposition takes place to form the peri- 
stome teeth are tlie ones betw^een the outer and inner peristomial layers. Fur- 
tlier details eoncerning the differentiation of the teeth which results in their 
(dmracteristie form and markings are fully discussed. Some consideration 
was also given to the statement made by Philibert (1888) that the peristome 
of a single-peristomate moss is homologous with the inner peristome of a 
double-peristomate one. 

Since the work of Evans and Hooker, a few contributions have ap- 
peared dealing with other groups. For the purpose of determining the rela- 
tionship of the Dawsoiiiaeeae to the Polytrichaceae, Goebel (1906) investi- 
gated the peristome in Dmmoma, His conclusion that the anomalons peri- 
stome of this moss is f undamentally of the same type as in the Polytrichaceae 
has not, however, been generally accepted. For a similar purpose G 
(1930) also investigated the development of the peristome in DipJnjsium 
folioHum Mohr, and Buxbaimia indmiata Brid. His conclusion w-^as that the 
ty|)es of peristome present in these mosses indicate no close relationship to 
the Polytri(diaceae as bad been formerly supposed. 
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Working' simiiltaiieously but independently van der (U29) <iud 

Loi-eli (1931) made iiiteasive iiivestig'atioiis ou the developiiieut of tlie peri- 
stome of Polyfrkhum. Au additional eoiitribntiou to tlie same i>-eiiiis has 
been made by Wenderoth (1931). Since the type of peristome j)iesent in 
Pohjtrichum has little in conimon with the type discussed liei'e, a r(‘vie\v ot 
tlieir eoiitribiitioiis is not considered necessary. 

In the v'ork of Loreh, mentioned above, is also a brief eontribution deal- 
ing witli the peristome development of Mnncfn ciispidiif uM Le\'SS., a double- 
peristomate moss. While the early stages are not included, the development ot 
the peristome of tins moss up to the stage of the actual differentiation of the 
peristome teeth may be said to be essentially the saine as that of Cera fodon 
purpureus as described by Evans and Hooker. However, since Mviuni lias a 
double peristome the actual formation of the teetli is cjuite difl:erent from 
tliat ill Cerafodon. The walls upon whieli the deposit takes place to lorm tlie 
outer peristome are those between the ‘'outer peristomial layer” of Evans 
and Hooker in Cerafodon and the next outer layer of twice as many cells. 
The inner peiastome is formed from the slightly thickened watls between the 
“outer peristomial layer” and the “inner peristomial layer.” In other 
words, the peristome of Ceratodon pur pu reus develops from tlie walls wliicli 
are, with reference to their position, the same as those which develop into tlie 
inner peristome of Mnium cuspidativni. This fact recalls to mind tlie state- 
ment made by Pliilibert, mentioned above, concerning tlie liomology of the 
inner peristome with the peristome of a single peristomate moss. 8inee in 
the formation of the double peristome in Mniuni cuspidatum three layers ol* 
cells are involved, Loreh has modified the concept of the peristomial layers 
as understood by Evans and Hooker. He prefers to consider tlie inneimiost 
peristomial layer vliicli contributes to the secondary tliiitkening of tlie iirnei* 
peristome as of a different type from the two succ'eeding outer layers w^hich 
he designates as the true (“eehte”) peristomial layers. 

The most recent work on the embryonal development of tlie peristome is 
that of Smith (1938) on Funaria hygromeirim. This differs from previous 
work done on this species in that the early stages are included. 

The first study of the development of the minute strueture of tlie peri- 
stome and its chemical composition w^as made by Derscliau (1900) . He con- 
cluded that the thickening of the cell wall is by apposition brought about 
through the activity of both cytoplasm and the nucleus. Cytoplasmic activity 
governs the first deposit 'which is largely cellulose and pectin. Later deposits, 
which are governed by the activity of the nuclens, show a strong reaction 
with sphagnol which, he eonclnded, is related to hygroscopic activity and 
antiseptic property. In the work on the peristome of ^ Mnium ' mispidea^^^ 
Loreh gave considerable attention also to its minute strueture. 

So far as is known no work has previously been done on the peristome 
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(ievelopmeiit in A:nlacom.nimn lieterodichum. However, Laiitzius-Beiiinga 
iiilui'ed traiisAA'rse and longitudinal sections of the inature peristome of A. 
palusirf 8('Iiwae.uT. (Tab. 62, 22, 23). 


M ATERIALS AND METHODS 

Ai{l(U‘oiii II i Hill lie f (Hedw.) B. and S. is a common moss in the 
vicinit\pof r)ui‘liam, North Carolina on shaded river blnffh, associated with 
othei* mosses, sncli as Bartramia pomiformU Hedw., Cirriphyllw^^^^ Boscii 
(Seh\M:ie;[iT.) {front, Fissidens crisiatus Wils., and Ilypnitni niolltisciim 
Hedw. it is often found growing at the base of trees but it is not confined to 
tills habitat. It is a, spring-friiiting perennial which, like other such mosses, 
l)rodn(M:‘s the sex oi*gans in tlie spring nearly one year before the sporophyte 
readies maturity. Fertilization takes place in the late spring. There seems to 
be little (le\’elo])ment of the embryonic sporo]3h.vte during the summer 
montlis. Tlie sporopliytes are first visible with a hand-lens in November. In 
Nortli (hu*oiina tlie most rapid growth of the sporophyte takes place during 
the late w’ in ter and early spring. Mature sporopliytes are to be found about 
tlie middle of ApriL Tlie peristome is double, consisting of an outer row of 
sixteen “aidiculate” teetli and an inner woth alternating segments between 
wliicli are located from two to four well developed cilia. According to the 
modei’u systems of elassihcation, its taxonomic position is in the sub-class 
Br,\'ales, order Eubryales Acroearpi, and family Aulacomniaceae (Dixon 
1932). ' ' ' ' ' , 

Plants were collected when the young sporophytes wx^re first visible with 
a hand lens, Tlie succeeding collections were made about two weeks apart 
until s|)ring w’hen collections were made at shorter intervals. Both transverse 
and longitudinal serial sections w^ere made of tlie different stages of the 
developing capisule. 

DEVELOPM.ENT OF THE PERISTOMTAL LAYERS 

The early stages in the* development of the sporophyte of AMlMommiimi 
h(yterosii(Ai imi essentially tlie same as in all the Bryales which have been 
iiivestigated. From the two-sided apical cell, diagonal cell walls cut off alter- 
nately seruicireular segments (fig. 9). As division continues, the walls sepa- 
rating tlie older segments are bent down to a horizontal position, leaving the 
portioiis below the pioint where they join in a more or less vertical poKsition 
( fig, 9 ) . A transverse section of a very young sporophyte, or the tip of an 
older one, appears as a divided circle (fig. 1) . Very soon, however, tlie alter- 
nating semi(dr(ndar segments are divided radially by vertical walls result- 
ing in a (juadrant of cells in. transverse view (figs. 2, 3). The cells of these 
(]uadi‘ants are then divided by curved anticlinal walls into eight cells (figs. 
4, 5), Wldle there is some variation in the way these walls come in, the result 
is always the same. 
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The next step is periclinal divisions of the eight cells in such a way that a 
squai‘e of four cells is formed in the center surrounded by a layer of eight 
eel Is (fig. 6) . Tlie central group of four cells is the endotheciuni and the outer 
of eight cells tlie ainphithecinm. These two groups of cells are the fiin- 
(iaiiiental embryonic layers in the sporophyte of mosses. Below the region of 
the <)perciiluin 5 the endothecium gives rise to the columella, the inner spore- 
sac, and the archesporium ; the am]3hitheciuni gives rise to the outer spore- 
sac, the air spaces and the outside layers of the capsule proper (fig. 20). In 
the region of the operculum the eiidotheeiiim consists of undifferentiated 
cells representing extensions of the regions in the capsule proper, but the 
aiiipliitliecium gives rise to the jieristomial layers and tlie operculum. Since 
this paper is concerned mainly with the peristomial layers, not much atten- 
tion will be given to the rest of the capsule. 

Purtlier development from the fundamental embryonic layers as shown 
in figure 6 proceeds with striking regularity in the three planes. Since the 
most important development takes jilace radially, most attention has been 
devot(Hl to transverse sections. Tlie regularity in development has two 
as})ects. First, w^lieii a cell in a certain pericentral layer divides in a certain 
plane, all cells in tliat layer divide in the same plane at about the same time. 
Second, there is a regular alternation between periclinal and anticlinal 
divisions. That is, after a cell has divided periclinally the outer of the two 
daughter cells divides anticlinally. The result is that any layer of cells in 
the ainphitheeium has twdee as many cells as the next inner layer. This regu- 
larity of cell division was called by Goebel the ^^Grundquadrat’^ or ^^funda- 
mental square” method. As was pointed out by Kieiiitz-Gerlofi:, since all 
layers develop with this regularity of cell division from an original group 
of four cells, tlie result is that the number of cells in each pericentral layer 
will be a multiple of four. Furthermore, since the number of peristome teetli 
depends upon the number of cells making np a certain peristomial layer, the 
irumber of peristome teeth will also be of this series of xiumbers. 

Going back to the fundamental embryonic layers, development is seen 
to proceed from them first by periclinal division of the cells in the amplii- 

Explanation of figures 1-19 

All figures have been drawn with the aid of a camera lucida at the following magni- 
fications: figures 1-25, X 415; figures 26-28, X 155. 

The following abbreviations are used: OL, opercular layer; OPL, outer peristomial 
layer ; PPL, primary peristomial layer : IPL, inner peristomial layer ; SL, spore layer. 

Pigs. m6. Successive stages in the development of the endothecium and amphitheeiiim. 
Figs. 7-8, 10-12, 14-17. Successive stages in the development of the peristomial layers. 
Fig. .0. Longitudinal section of a tip of a young sporophyte. Fig. 13. Longitudinal sec- 
tion of an immature peristome. Fig. 16. Transverse section of a peristome just before 
commencement of secondary thickening. Fig. 18. Commencement of secondary thickening 
of cell walls f orming the peristome in the region of the annulus. Fig. 19. Advanced stage 
in the differeutiation of the peristome. 
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tliecixmi, resiiltiiig iii two eoiiceiitrie layers ot eells eaeli (fi.us. /, S). 

Tlie cells of the outer layer next divide anticlinally giA'ing rise to 16 cells 
(ti^. 10). This is followed by perielinal divisions in this layer i>:iviny: rise to 
tAVO eoiieentrie layers of 16 cells each (figs. 11, 12). Again tlie outer of thest^ 
two layers di\Aide anticlinally so that 32 cells are formed and these ar{‘ 
diAuded periclinally into two outermost layers ot 32 cells eadi (figs. 14, lo). 

At this stage (fig. 15) the amphitheeium is, tlierefore, composed of four 
concentric eell-la,yers. These layers Avill be referred to respectively, starting 
from the inside, as the inner peristomial layer (IPL), the ])rimar.\' ])eri- 
stomial layer (PPL), the outer peristomial layer (OPL), and the opercular 
layer (OL). 

In the inner ])eristomial layer, which was originally com])osed ot eight 
cells, tlie number of cells has increased by anticlinal divisions ( fig. 15). Tlie 
method of cell diAusioii and tlie ultimate number of cells in tliis laycir will be 
discussed later. Since this layer contributes to peinstome formation it was 
called by Evans and Hooker the inner peristomial layer ” and i'or tlie same 
reason has been so designated in this discussion. 

The primary peristomial layer is eoin|)osed of 16 cells whidi divide no 
fiudlier. They enlarge rapidly and their inside walls soon l)e(‘ome distinctly 
eoiiA^ex (figs. 16, 17). This is, therefore, the first peristoiuial layer to appear 
conspicnonsly different from the other layers. Por this reason and bt'cause, 
as Avill be slioAvn later, the number of cells of Avhieh it is composed (ieterinines 
the number of teeth, it seems desirable to designate this layer as tlie prhiumj 
peristomial layer. The cells of which it is composed will be referred to as the 
primary peristomial cells. This layer was called tlie ^ ‘outer ])eristoniial 
layer” by Evans and Hooker and the inner of tlie two ‘‘ecAlite” peristomial 
layers by Loreh. 

The cells of the outer peristomial layer ar(‘ 32 in number and they divide 
no.furtlier. Their enlargement is almost entirely in a, tangential di relation. 
The cells of this layer also contribute to iieristome formation, and i‘or this 
reason it is called the outer peristomial layer. It is tiu* outei‘ of tin* two 
‘‘eehte” peristomial layers of Loreh. Since tliis layer does not particdfiate in 
peristome formation in a single-peristoniate moss such as Ceraiodon^ it wxis 
not given any special designation by Evans and Hooker, 

The opercular layer, which at this stage consists of 32 ceils, does not 
contribute to peristome formation. As in Ceratodon and other genera investi- 
gated, the cells of this layer continue dividing by a less regular alternation 
of perielinal and anticlinal divisions than is exhibited by the cells of the 
other layers, resulting in the formation of about three layers exltuMuii to the 
outer peristomial layer (fig. 17). The outermost one of these di tlVrcn it iates 
into the operculum. 

It must be realized, of course, that in the developmeiit of the sporophyte, 
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j> t*()\Ni"h soon oeases in tlie apical embryonic region, lea;viBg tlie tip conical 
in forin. Tliis is partly responsible for tlie triangular shape of the peristome 
teeth . 

THE DEVELOPMENT OP THE INNER PERISTOME 

The inner peristome, also called the endostome, develops from tlie cell 
Avails bet\V(‘en the inner and the primary peristoniial layers. As was stated 
aboA'e, tlie original eiglit cells of the inner peristoniial layer at a certain 
stage (fig. 15) commence dividing antielinaHy. The first division is usually 
siicli that one of the daughter cells is smaller than the other (fig. 15). The 
larger of tlie two tlien divides so that from the original cell three cells are 
foianed wiliicli subtend tAvo cells of the x>viiiiRTy layer. This is exactly AAhat 
Eva IIS and Hooker found in Ceratodon purpureus but with this important 
difference, tliat in Ceratodon division goes no further AAhile in Aiilacemi'n^^ 
keferosti(diufn diA^'ision continues until eight or nine cells of the inner peri- 
stomial layer subtend tAVo of the primary (figs. 16, 18, 19). In Mnium c/nspi- 
elatiaii, Tjoreli foniid a similar arrangement. In F unaria liygrometrica, Smitli 
siioAvs only fonr cells of the inner layer subtending two of the outer. Hoaa^- 
evei*, in tlie illustrations of this species given by Laiitzius-Beiiinga (Tab. 63, 
Pigs. 25, 27) tlie number varies from four to six, apparently depending upon 
the level of the operculum at which the sections are made. 

As sliOAvn aboA^e, the inner Avails of the primary peristoniial cells become 
distinctly convex (fig. 17). The cause of this convexity is no doubt a combi- 
nation of gi’OAvth factors. Perhajis the most important of these is the forma- 
tion of a larger number of cells subtending one primary peristomial cell in 
the inner peristoniial layer than is formed in the outer peristomial layer. This 
at least partial explanation is supported by the fact that in such forms as 
Ceratodon and Funaria, in which the number of cells in the inner and outer 
peristomial layers subtending one primary peristoniial cell is about the 
same, little or no convexity is exhibited by the primary peristomial cells. 
Other factors may be the position of the radial walls of tlie inner x)eristomial 
layer Avith reference to the radial walls of the x)rimai\y peristomial cells, and 
tlie higlier turgor pressure of the primary peristomial cells than that which 
obtains in the cells of the inner peristomial cells. One result of this convexity 
is the formation of wedge-shaped cells in the inner peristoniial layer between 
the primary peristomial cells. The two walls of these wedge-sliaped cells con- 
tiguous Avith portions of the inner walls of the pidmary peristoniial cells 
form the ^0<eels’’ of the '^segments'' of the inner peristome (figs. 16, 18, 19). 

The eonimencenieiit of depositioii in the differentiation of the inner 
])erisl()me is indicated by the migration of cytoplasm and nuclei of the inner 
])eristomial layer tOAAuird the outer walls of these cells (figs. 16, 18, 19). 
Little if any secondary thickening apparently takes place on the contiguous 
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inner Avails of the primary peristoiuial cells. The deposit of tlie iiint-i- ])eri- 
stonie is scanty and of homog:eiieons structure except in tlie upper ])oi*tioim 
AA’liere it is distinctly siiicnlar (fig*. 23). In the loAver hall: ot tlie inner })(U*i- 
stoine the deposit is eoiitiinioiis betAveen tlie tangential Avails, and 11 h‘ a eriic<il 
rows ot* walls of this portion do not, therefore, separate. Tliis basal p()rti():n 
of the inner peristome is knoAAUi as the ^‘basilar membrane (hg* 28). In tlie 
upper half, however, no secondary thickening takes place at the juncdion of 
the tangential AA^alls, AAdiich therefore separate in A^ertical strips except <it 
the tips of the keels (figs. 23, 28). The narrow A'crtical strips betAveen the 
keels are the cilia,” which vary in heterosticIiHm from two 

to four. No pores develop in the segments of this species like those noted by 
Loreh in Mnium ouspidatum. 

On the outside of the loAver half of the endostome, roAVS of curious button- 
like elevations are to be seen along the vertical walls between tlie radial 
horizontal walls (figs. 19, 28). So far as knoAvn these elevations haA'e not been, 
noted before in this or any other species. 

THE DEVELOPMENT OF THE OUTER PERISTOME 

Tlie outer peristome (the exostonie) develops from the Avails between 
the primary peristomial cells and the cells of the outer peristomial layer. 
It Avill be recalled that each primary peristomial cell subtends two cells of 
the outer peristomial layer. Here, as in the inner peristome, the firet indica- 
tion of secondary thickening is the migration of the cytoplasm and tlie n uclei 
toAA^ard the Avails on AAhich deposition Avill take Since in tliis ease 

deposition takes place on both walls, the cytoplasm and nuclei in tlie primary 
peristomial cells move ontAvard and in the enter peristomial layer they move 
inward (fig. 18). The deposit made by the ]Ariniary peristcimial cells is 
copious and, as observed by Loreh in Mniuni quite lioniogeneous 

ill structure althoiigli someAvliat stratified (fig. 19). l^his {leposit is not con- 
fined to tlie tangential Avails but extends considerably over the horizontal 
radial Avails as seen in figure 13. The large size of the nuclei in tliis figure 
indicates incipient disintegration. The deposit on the outside of the outer 
peristome is of an entirel.y different structure from that on the inside, being 
distinctly spiciilar (fig. 19). The same types of deposit were also noted by 
Loreh in Mnium ciispidatum. A longitudinal section through a mature tooth. 

Explanation of figures 20-28 

Fig. 20. Longitudinal section of a young capsule showing relation of periatomial lay- 
ers to the outer regions of the capsule proper. Fig. 21. Longitudinal section of the haaal 
region of the peristome. Fig. 22. Transverse section of the basal region of the peristome. 
Fig. 23. Transverse section of upper region of nearly mature peristome. FIG. 34. Outside 
view of portion of outer peristome. Fig. 25. Inside view of portion of outer peristome. 
Figs. 26-27. Inner and outer views respectively of an outer peristoine tooth. Fig. 38. 
Portion of inner peristome Anewed from inside. 
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is sliowii in figure 21, In Ccratodon pnrpureuH Evans and Hookei* round 
tliat the deposits on the two sides were essentially tlie sann^ exca^})! that it. 
was thicker and less uniform on the outside. In Ceratodon the early dejxisit 
is liomogeneoiis but the later deposit is distinctly spiciilar on l)oth sides. 
Since no deposition takes place at the junction of tl\e vertical radial walls 
separating the primary peristomial cells and the walls of the outer ])eri“ 
stome, except at the base, the peristome teeth separate at matnrity. 

As seen in figure 21 tlie peristome extends a, considerable distance l)elo\\^ 
the annulus. For a distance of about three cells from, the base the de])osit 
is the same on both sides, being homogeneons in structure. Between tliis 
portion and the cells of the operculum is a group of cells with somewliat. 
tluckened cell 'walls which apparently supports the peristome and acts as 
a hinge. 

In tlie basal part of the outer peristome the deposit is continuous on, 
both sides from tootli to tooth (fig. 22). This continuity of deposit <lc<M*ea.ses 
upward so that at the tip of the teeth it occupies only a narrow strij) in the 
middle of the tangential cell walls (fig. 23). This condition c'ontributes to tlie 
triangular shape of the teeth. 

Since the form and markings of the peristome are of taxonomit' impor- 
tance it might be profitable to show their developmental relationsliip. Look- 
ing at the outside of a mature peristome tooth it will be seen that it is d ivided 
down the center by a somewhat zigzag line from which alternating lines 
extend out liorizontally to the margins (figs. 24, 27). These' lines re]>resent 
the bases of the cell walls of the outer peristomial layer iu whicli, it will be 
recalled, two cells subtend one cell in the primary peristomial layei*. The 
margins sliow a iiari’ow tra.nsparent strip due to tlie sparsity of see'ondary 
thickening along the edges. The inside view of a peristome tooth sliows tlie 
absence of a vertical median line because this wall is only one cell wide. The 
horizontal lines represent, of course, the remnants of tlie horizontal radial 
walls (figs. 25, 26). In the upper portion, the outside median, line may lie 
visible because of the sparsity of secondary thickeiiiiig in this portion. 

The portion of the inner peristome which extends between, two keels is 
subtended by one outer peristome tooth (fig, 28). Since the wall making iij) 
the outside of this portion of the inner peristome is the inner wall of a pri- 
mary peristomial cell, the markings will correspond with those of the inside 
of the outer peristome tooth. However, owing to the lack of secondary thick- 
ening on this side, the cell outlines are very faint. The inside of tlie inner 
peristome shows from three to five vertical lines wliich represent the bases 
of the vertical radial cell walls. The horizontal lines represent the transverse 
radial walls. Oeeasio.nally extra lines appear wdiieh indi(?ate irregiilarities in 
eel} division.' , 
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DISCUSSION 

ill tlie various accounts on peristome development, it is obvi- 

ous that there are some differences of interpretation. These differences are 
(M)uceruiMi niainlv' with (1) the position of the inner peristomial layer with 
r(d (‘rtMice to the endotlieduni and (2) the relation of the peristome of a single 
perist(>nia.te moss to that of a doable one. 

Van der Wijk (1932, p. 34) in referring to Lantzius-Beninga’s figure 
ol' llypnuni silvaticwm (Tab. 65, Pig. 30) interprets the walls which develop 
into the inner peristome as the borderline between the endotheciiim and 
ani{)liithe(rium. Tlie similarity between the mature peristome of this species 
as shown by tlie above figure and JLidacYniiahfm Jiete^y'osfichnni would indi- 
cate tha t til is is a m isinterpretation. Prom all the accounts which have in- 
dux led tlie early stages of development, it is clear that the walls wdiich form 
th(‘ inner iieristome are between the first and the second cell layers outside 
of th(‘ endothecium. 

Another inter|)retation someAvhat similar to the above was made by Lorch 
in discussing Mnium euspidaiuni (p. 249). He considers the position of the 
inner iieilstonie as tlie outside limit of the columella. Since the outside limit 
of the (Milumella, in the region of the capsule is several cell layei's within the 
('ell layers wliicli, projecting up into the region of the operculum, develop 
into tlie inner pei'istome, it is confusing to consider the limit of the columella 
as forming the inner peristome. Of course it is possible that his interpreta- 
tion of tlie columella, is different in the two regions. 

In the account of the development of the peristome of Ceratodon pur- 
pureus, Evans and Hooker clearly show the relation between a single peri- 
stome and a. donble one. In all the cases investigated a single peristome 
develofis from the walls between the innermost layer of cells of the amjffii- 
tlieciiim (IPL) and the next outer layer which in the present paper has been 
(h^signated as the ‘‘primary peristomial layer’’ (PPL). Smith (1938, p. 
.101), however, in comparing the peristome of with that of Cera- 

ladou, apparently niisiiiterprets the position of the peristome of the latter, 
although his statement is not clear. He says: “Other genera, as Geradodmij. 
liavt^ a thickening of outer tangential walls only in the outer layer of the 
peristome,'” 

To avoid confusion in interpretation it is suggested here that the same 
terminology be applied to the peristomial layers in both Haplolepideae and 
Diplolepideae, This is possible because from the evidence gathered from all 
a,<'(tounts dealing with typical forms belonging to the Bryales, the peristomial 
hu'ers are similar and have the same relltive position in both the single- and 
doubk^-pcristomate forms. The principal variation is in the number of cells 
composing th<^ layers, and in the number of cell-layers outside of the peri- 
stomiid layers which, however, may vary to some extent at different levels 
of th(^ opcnv.ulum. 
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The eoiielusion of Philibert that a singie peristome is lioiiioiogous Avitli 
the inner peristome of a double one seems to be true for tlie iorius so lar 
investigated if lioinology refers only to the primary eifli walls. Howevei*, ii 
our concept of lioinology includes the secondary thickening', wliicli is niivr 
all the most important feature in peristome differentiation, liis stciteouciii; 
becomes only half true. According to Evans and Hooker both tlie inner and 
primary (the outer”) peristomial cell layers contribute to secondary tliicck- 
ening’ in a singie peristome but in a double one, such as that of Aiducoiiro/iu nt. 
Iieferostichum, only the inner peristomial layer coiitribntes to the iiinci' 
peristome. 

The regularity of cell division and its significance in the development 
of the peristomial layers has been emphasized in this aeeonnt as in all ])rcvi~ 
ous ones. That there is a striking regularity is undoubtedly true, but exce p- 
tions occur. Van der Wijk in his work on observed irregiihiri- 

ties which even altered the number of teeth from the usual number of 64, 
111 Aidacomniuni heterostichufu also some irregularities occur. As mentioned 
above, irregularities appear in the formation of the layei's outside of the 
peristomial layers. The result is that the number of these layers varies to 
some extent vertically and the number of ecdls of which each is composed 
may not conform to the results expected from the fiindameiital scpiare 
method. Even in the formation of the peristomial layers slight variations 
may occur. As is shown in figure 12 an anticlinal division may be occasion- 
all.y duplicated in a corresponding cell of the next inner layer. Also aiiti- 
eliiial or pericliiial divisions may take place out of turn centrifugal ly (fig. 
15) but, so far as has been observed, the final result is always the same, In 
no instance has the number of peristome teeth been found to vary froni the 
usual number of 16. In the inner peristomial layer, considerable variMtieu 
takes place in all three planes. The most important of these variations com 
eerns the number of vertical radial \valls in the upper portion. The result is 
that the number of cilia varies from two to four. This fact is of s()nie iinpor- 
tance since they often enter into taxonomic considerations. 

SUMMARY 

1. The peristome of Attlacomnmm hederostiehum originates from tlie 
outer of the two fundamental layers in the opercular region of the sporo- 
pliyte. This layer, which is called the amphithecium, is originally composed 
of eight cells. 

2. By a regular alternation of pepiclinal and anticlinal cell divisions the 
amphitheGiuin develops into six eoneeiitrie l^ers, each of whieli has twice 
as many cells as the next inner layer. The number of cells in each layer is 
a imiltixfie of four. 
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3. Tile double peristoiiie is formed from the three iimermost ceil layers 
of the aniphitlieciiini. 

4. Ditfereutiatioii is initiated by the eulargemeiit of the 16 cells of the 
luiddli^ of tlH‘ three peristoiiiial layers. Since the cells of this layer contribute 
iiioi*e tliaii tliose of tli(‘ otiier layers to peristome formation and their number 
determines the ninnber of peristome teeth, it is called the primary peristome 
layer, 

5. Tlie lav'er outside of the primary peristoiiiial layer, which also con- 
tributes to peristome formation, is called the outer peristomial layer. Two 
(.mils ()]' this layer subtend one cell of the primary x^cristomial layer. 

6. The innermost layer contributes to the formation of the inner and is, 
tlierefore, called tlie inner peristomial layer. Since this layer is ultimately 
(ioni|)osed of from 64 to 72 cells, eight or nine cells of this layer subtend one 
c(dl of the ]>rimary. 

7. The outer peristome is formed from a deiiosit of cell wall material 
laid down on the outer tangential cell walls of the jirimary jieristomial layer 
contiguons to another deposit laid down on the inner tangential walls of the 
outer i)ei‘istomial layer. The deposit on the inside is homogeneous while that 
on the outside is spicular. 

8. The inner peristome is formed from the original inner tangential 
walls of tlie cadis of the primary peristomial layer and the contiguous outer 
taiigeiitial walls of the iiuier layer. Only the cells of the inner jiieristomial 
i ay eiMmntribute a depcisit to the inner peristome. 

9. The keeled condition of the segments of the inner peristome is due to 
the convexity of the inner walls of the primaiy peristomial layer. 

10. Owing to tlie lack of deposit at the junction of the radial and tan- 
gential walls in the upper region of the inner peristomial layer, strips of 
cell plates separate to form from two to four cilia. This variation in the 
luimber of cilia is due to the variation in the numher of cells in the inner 
pei^istoniial layer subtending one cell in the primary. 

11. The development of the peristome in 

is eompared with the development of the peristome of other genera of mosses 
investigated. 

" 12; ThC' peristome of a single-peristomate moss develops' in, the same posi'-. 
tion' withTeference to the eelllay^rs- as the inner peristome of: a double-'' 
per'isto'mate"moss.', ,, 

13. It is suggested that to avoid misinterpretation the same terminology 
be ai)plied to the peristomial layers in both the single- and double-peri- 
stomate mosses. 

14, Some of the irregularities in peristome development are discussed. 

Ill conclusion the authors wish to acknowledge with deep appreciation 
Unit in the preparation of this manuscript Dr. Lewis E. Anderson has ren- 
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and many lielpfiil suggestions. 

Duke Uniwrsity Department of Botany, 

Durham,, North Carolina 
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STUDIES ON THE EMBRYO OF HORDEUM SATI¥UM— I. 
THE DEVELOPMENT OF THE EMBRYO 


James Merry 

(WITI-I PORTY-TWO FIGURES) 

INTRODUCTION 

Studies on tlie inorpliolog'y of grass embryos have been based on observa- 
tions either of embryos in early stages of development or of embryos and 
seedlings of mature seeds. In the first the gross inorx)hological development 
was described and in tlie second tlie vascular anatomy of the embryo was 
given. Tlie object of undertaking the work presented here was to describe 
tlie (level (ipinent of the embryo from the time of fertilization to the matura- 
tion of the ovule into a seed, and to give not only the development of the 
gi’oss (litferentiation Init tliat of the internal differentiation as well. To ac- 
('omplisb this a eon\"(mtional liistological study was made of the normal 
enil)ryo at daily stages of development, and in addition tlie study of the 
vjiscular differentiation was aided by the use of the techni(xue of growing 
excised embryos on aii artificial medium. 

When whole embr^uis are grown on an artificial medium small plants 
resembling seedlings are prodneed. The cells of the embryo which are poten- 
tially vascular tissue become more clearly differentiated in the eultiired 
plant. Beiiause of this vascular differentiation the cultured plants were found 
useful iu studying the development of the normal embryo. The more de- 
veloped tlie embi'yc) is, tlie greater is the amount of internal differentiation 
in tlie plant grown from it. Thus the cultured plants show the potential dif- 
ferentiation wliicli is not clearly visible in the normal embryos. 

HISTORICAL SURVEY 

It is proposed to give the historical origin of some of the terms commonly 
iisial iu i-eferema* to grass embryos and to summarize the controversial views 
regarding grass embryo morphology for the benefit of those who may not be 
familiar with the extensive literature. For more detailed reviews of certain 
phases of embryo morphology the reader is referred to Van Tieghem (1872), 
Bruns (1892), Avery (1930), Randolph (1936), and McCall (1934). 

Accord ing to Van Tieghem (1872) and others the earliest des( 5 ription of 
the embryo of grasses is that by Malphigi in 1687 of the embryos of Auena 
md Trilinim,, in which he recognized the structures now known as the 
scmtellum, epiblast, and eoleoptile. Gaertner has been credited with the first 
use of tlie term scutellum w^hieh is still commonly applied to the shield- 
sliaped structure characteristic of the grass embryo. Richard in 1813, aeeord- 
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mg to Van Tieglieiii (1872), originated tlie terni blast for tliat part of tlH‘ 
embryo Avliicli becomes the stem of the plant, and from this he developed tlK‘ 
term hypoblast for the scntellnm. The small projection ii>und on the ontei* 
face of some grass embryos was correspondingly called the e|)il)iast, a term 
which is still in common use. The term blast itself lias been displaced in 
English by plumnle. Kiehard used the term (aityledon for the slieath aiaiiiud 
the blast, whicii Van Tieghem (1872) said was first given the [n-esent name, 
eoleoptile, by Mirbel in 1815. The lower portion of the embryo has i*eceived 
less attention than the parts mentioned above, since there is little question 
about its homologies. The term radicle is used for that part of tlie embryo 
which becomes the primary root, and the surrouiidiiig tissue is called the 
eoleorliiza. The term seminal roots has been used to inehide the radicle or 
primary root and any other roots ]n*esent in the embryo. Tlie argiinKuit ovei* 
the homology of the seutelliim has caused much ditferem^e of opinion as to 
what the region between the eoleoptile and the sciitelliini aetuall.v is. In 
embryos such as those of Avena or Zea this region is of consideiaible ('xtent. 
Van Tieghem (1872) considered that this was the node of tlie smitellum but 
later changed his views on the homologies of the embryo and called this rc‘- 
gion an internode (1897) between the scutellum as one leaf and the coleoiitilc' 
as a second, as had Bruns in 1892. Oelakovsky (1897) introduced the term 
mesocotyl for this part of the embryo because of bis eouclusioii that tlie 
scutellum and the eoleoptile together made up the cotyledon. The term meso- 
eotyl has been commonly used, though the term ‘‘first iiiteriiode^^ is now 
used by many workers who are interested in the growth of tliis paid; of the 
Avena seedling and who consider the scutellum and the coleoiitile to be 
separate leaves. 

The most debated points in the morpliology of tlie grass eiiil)r\ui are the 
homologies of the scutellum, epiblast, and eoleoptile, on wliieh tliere seem to 
be three main viewKS. The first considers the sciitelliim to be the first h:‘af, tliat 
is, the cotyledon of the embryo, and the eoleoptile to be tlie first leaf of tlie 
plumule. The second view holds that the eoleoptile is the (^otyledou and that 
the scutellum is an outgrowth of the radicle or stem. The third view is that 
the scutellum and the eoleoptile together make np the first leaf, tliat is, the 
cotyledon. A variation of the first view is that the scutellum is the first leaf, 
the epiblast the second leaf, and the eoleoptile the third leaf of the plant. 
The papers already cited give a more complete development of these views. 

The early studies on the formation and development of the embryo were 
based mostly on observation of whole embryos, Norner (1881) studied the 
early divisions of the zygote and proembryo of Eordeum, AtmmyEriMcuni, 
md Secale hj dkseetmg out whole embryos . and mounting themdir glycerine 
for observation. .The oldest stages, of ■which' he gave figures werevj.ust begin- 
ning to show gross differentiation. He attempted to classify tlie arrangement 
of the cells according to .the'manner in which f.hey ..divided,, but 'the irregu,- 
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larity of the arraiig'einent as shown by his figures would not seem to warrant 
this. Ceiakovsky (1897) show^ed five stages in the development of the upper 
])art of tlie embryo to prove that the coleoptile is part of the sciitellniii. He 
did not identify the drawings by species, but stated that they were for the 
most part after liansteiids figures. 

Soueges (1924) traced the ]iarts of the fully developed embryo of Poa 
annua back to the tiers of cells in the sixteen-celled proembryo. He also in- 
dicated that there was a definite arrangement of the cells and a regular 
sequence of cell divisions in the deAmlopment from the fertilized egg. He 
maintained that the jiarts of the embryo are determined at least as early as 
the sixteen-celled stage. Randolph (1936) has given the only complete de- 
sci'iption of the development of a grass embryo in which the age of the vari- 
ous stages was determined. In the development of the enibr^m of Zea> he 
i'oiind that there was no definite arrangement of the cells nor any regular 
sequence of divisions in the early stages. 

MATERIAL AND METHODS 

llordewm satknmiJj. was chosen for this work because it is easy to grow 
in the greenhouse and a relatively large number of grains of the same age 
can be obtained from one head. Also, embryos of Hordeum varying as little 
as one day in age show recognizable morphological differences. A variety 
alpha, obtained from the College of Agriculture, Cornell University, was 
used for the work presented here. All the plants from which material was 
taken were grown in the greenhouse both in winter and summer. 

The heads of the plants were examined several times a week and were 
tagged when the anthers had split. Two florets were fixed at this time and 
sectioned to determine when fertilization had occurred or would occur. At 
a selected time after tagging a head Avas picked and tAvo or three ovules fixed 
for the study of normal deA^elopment. All material was fixed in a solution of 
5() per cent alcohol, 6 per cent formalin, and 6 per cent acetic acid. The nor- 
mal embryos large enough to be remoA'ed from the oAuiles and plants cul- 
tured from the embryos were cleared and mounted in xylene in deep aa^cII 
slides and studied as temporary mounts. Camera lucida draAvings were made 
from these mounts for record purposes. This material was of course taken 
into paraffin from the xylene. The rest of the material was xnni up to paraffin 
from the fixing solution by a short dioxane series. Sections 10 p thick a^ 
made of the embedded material and stained in safraiiin and Delafield’s 
haematoxylin. Measurements were made Avith an ocular micrometer both 
from temporary mounts and sections. 

DESCRIPTION 

Iti pi'esenting the de\^e]opment of the embryo the A’arioiis parts are 
treaf.ed separately except for the early stages or that phase of the deA^elop- 
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irieiit usually referred to as tlie proembryo. Tlie dilferei.itlatio.ii ol^ivicdi sti 
tiire, the niaiiiier in Y’hicli it develops, and tlie diftereiitiat ioii ol its \asciilai* 
system are described. Also the vascular connection between the fii'iniarv root 
and the rest of the embryo is traced. 

Proenihri/o. Within the first two days atter iertilization itie iu*st two 
divisions of the zygote occurred (figs. 1, 2, 3). The first was at right angles 
to the long axivS of tlie ovule and the second occurred in tlie apical cell and 
was at right angles to the plane of the first division. .After tliis tlireeuielled 
stage the divisions seemed not to take place in any definite se(jiience or ar- 
rangement. By the third day the proembiyo was made ii|> ol 1 rom 10 to 15 
cells (fig. 4) and by the fourtk of about 50 (fig. 5). The rate of division re- 
mained constant for several days, as determined by counting the number of 

cells in embryos of different ages. During tiie first seven days (figs. 1- 8) no 

differentiation was observed except tliat the size of cells at tlie tip diininished 
anddhe cells divdded more rapidly than those at the base. At the saine time 
the jiro embryo became club shaped and tapered to a point at the liase. Aliout 
eight days after fertilization (fig. 9) the upper part of the (‘ml)r.\'o began to 
differentiate in outline so tliat the part which was to IxMTmie the s('Uteiliini 
(fig. 9 sc,) was distinguishable. A swelling on the face of tlie einl)»*yo im 
dicated the initiation of the stem meristeni (fig. 9 x/.), and above it the 
eoleoptile began as a slight ridge (fig. 9 c.). 

Sciitelluni. The portion of the eight-day-old embryo (fig. 9 xc.) wliicli 
developed into the >scutelliim was 0.12 mm. long, 0.12 mm. wide, and 0.08 
mm. thick; the measuremeiit of the length being arbitiTirily :mad(‘ on the 
basis of comparison with older embryos. The scutelhini of tlu^ fully developed 
embryo (fig. 28 sc.) was 2.6 mm. long, 2.2 mm, wi(h% and 0.25 mm. tliiek. 
Consequently the developing seutellnm grew somewliat mort^ in Icuigth tluin 
in width, and the growth in thickness was slight in ('om|)arison to that in 
the other two dimensions. Tlie fully developed seutellnm was less tlian t>whe 
as many cells thick as the region from which, it developed (figs. 36 and 42). 

No definite meristem was observed in the seutellnm, but most of the divi- 
sions seemed to occur in the layers towards the surface. Tlie lower limit of the 
seutellnm became clearl,y defined after about 13 days by an angle foriiied be- 
tween the back of the seutellnm and the lower side of tlie coleorhiza, whicdi 

Explanation of figures 1-26 

yies. 1-19. Longitudinal sections of embryos at daily stages from a fertilhed egg to 
an embryo eighteen days old. 1-5 x375. 6-9 x 165. 10-13 x 54. 14-15 x 40. 16-19 x 30. 
Pio. 20. Longitudinal seetion of an embryo twenty-one days old. X 30. ;F.i(}vS, 21-26, Face 
views of whole embryos cleared in xylene; nine, ten, twelve, fifteen, ami 1 wenty- 

eight days old respectively. 21-23 x 54. 24-26 x 17. c, coleoptilo; co, c()l(U)tliizn ; first 
leaf; second leaf; third leaf; .s*c. seutellnm; sciitcdlar binidh^; .v.f., scnnliial 
root; x/, stmn ineinsteni ; 8?/, siuspeiisor ; ventral 'scale. .■ 
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became more acute as the development proceeded (fiji's. 12-14). The apex of 
the angle was coincident with the end of the endos])ei'tu whii'h was undouht- 
edly the cause of this distinct boundary between tlie Kcutellum and the 

eoleorliiza. 

After 14 days perielinal divisioiis began to take ])la(ie in ('eiiain <'ells in 
the ventral surface of the seiitelluin so that a ridge (figs. 16 and 24 v,s.) was 
produced which formed an are from one side of tlie base of: tfie ('oleoptile to 
the other side. This ridge finally extended about five cells above the surface 
and has been called the ventral scale by other authors. 

From 10 to 12 days after fertilization the epidermal t-ells on tlie dorsal 
surface of the scutellum, which is the surface in contact with the endosperm, 
appeared smaller than the internal cells or othei‘ epidermal cells (figs. 8C) 
and 37 ep.). On about the 16th day these cells began to elongate in tlie dimen- 
sion perpendicular to the surface and became recognizable as tlie epiflielial 
layer (figs. 38, 39, 41 cp.). In the fully developed embryo these cells (fig. 42 
ep,), in which the cytoplasm was more opaque than in tlie otliei' cells, were 
three times as long as those of the same tissue on tlie lOtli day (fig. 36 cp.) 
and were less than a third as wide. 

The epidermal cells on the ventral surface of the seutelluiu within tlie 
ventral scale increased in length parallel to the long axis of the einbryo so 
that they were several times as long as wide (figs. 41, 42). Similar epideinnal 
cells outside the ventral scale were only slightly elongated (fig. 40). 

The bundles of the scutellum were differentiated, ten days after fertili- 
zation, as two strands of elongated cells (figs. 11, 29, sc.l ).) . The lines in figure 
11 are merely a diagrammatic outline of one bundle. These bundles formed 
an S-shaped curve on a level with the base of the stem meristem in tlie 11- 
day-old embryo (fig. 12 sc,h,) and the iiifleetioiis became more t)r(>ii(;)vuieed 
as the embryo developed (figs. 12-20, 28 .s*c.?u). The bundles elongated with 
the growth in length of the seiitelluin and bi’anched towa,rd the outer edges. 
The branches turned back toward the base of the seutellum. The bundles in- 
creased in thickness throughout the development (figs. 29-35 se.h.) by an 

Explanation of figures 27-42 

Fig. 27, Longitudinal section of aii embryo twenty-eight days old. x30. Fio. 28. hon- 
gitudinal section of tlie embryo of a mature grain soaked for twenty-four hours. X 30. 
Figs. 29-34. Cross sections through the stein meristem of embryos twelve, thirteen, fifteen, 
sixteen, seventeen, and twenty-one days old respectively. 29-31 x 40. 32-34 x 30. FiG, 35. 
Cross section through the stem meristem of the embryo of a mature grain soaked for 
twenty-four hours. X 30. Figs. 36—39, 41. Median longitudinal sections of a corresponding 
portion of the scutellum within the ventral scale of embryos ten, twelve, fifteen, eighteen, 
and twenty-oiie days old respectively, x 165. Fig. 40. Longitudinal section of the ventral 
surface of the seutellum outside the ventral scale of the embryo of a mature grain soaked 
for twenty-four hours, x 165, Fig. 42. Median longitudinal section within the ventral 
scale of the seutellum of the embryo of a mature grain soaked for twenty-four hours. X 165. 
c.h., coleoptilar bundle; ep, epithelium; Zi, first leaf; second leaf P, third leaf;A?e, 
seutellum; .'?c.&., scutellar bundle; ventral scale. 
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increase in the iiiiniber of cells. The phloem and xyleni con 1(1 not be (listiii- 
guished in the bundles of the normal embryos, but from the eiiltured phurts 
it was found that even in tlie bundles of lO-day-old eml)ryos some oi' the cells 
were potentially xylem and some phloem. Also from tiiese ]) bints it \xn.H 
determined tliat the bundles were collateral, with, tlie x.\dem on t he viintral 
side, as has been reported for other grass embryos. 

ColeoptUe. The eoleoptile was formed from tlie general region of the 
proembryo which also gives rise to the seutellnm (fig. 9 c.) and fii’st ap- 
peared as a crescent-shaped ridge above the stem ineristem (fig. 21 c.). Tliis 
ridge was extended downward until it encircled the growing point and then 
grew out from the rest of the embryo as a sheathing tube. The sides of the 
tube gradually approach each other so as to leave a narrow vertical slit or 
pore, through which the shoot emerges during germination. The side next to 
the seutellnm giTWY faster than the other side so that tlie poi*e became located 
on the front side of the eoleoptile (fig. 15 pore). In the later stages the ratio 
of the number of cells above and below the pore remained about the same. 

The bundles began to differentiate on about tlie lltli day opiiosite eaeli 
other on the sides of the eoleoptile (fig. 29 The size of the bundles in- 
creased throiighout the development of the embryo b.\^ an increase in tlie 
number of cells (figs. 29-35 c.b.). From the cultured plants it was determined 
that these bundles were collateral with the xylem on the sidc^ toward tlie 
center of the eoleoptile. 

Stem Merisfem, By going back tlirongh the stages of the developing 
embryo the region which was to become the stem meristem was recognized 
seven or eight days after fertilization (figs. 8, 9 at.). It began as a swelling 
on the face of the embryo due to the liiglier fre(|ueney of cadi divisions in that 
part. The cells were smaller than those of the siirroiinding paid, of tlie embryo 
(fig. 9 st.). The size of the meristem was constant throughout the develof)- 
inent of the embryo, though there was some variation at different ])oiuts in 
each plastochron. 

On the loth day the first leaf primordinm was initiated (fig. 11 P), and 
the inidvein of the first leaf began to differentiate on about the 12th day (fig. 
29 P). In the embryo of the mature grain there were nine pairs of lateral 
bniidles in the first leaf (fig. 35 P), Counting from the midvein, pair four 
ivas differentiated on the 13tli day (fig. 30), pairs twa) and seven on the 15tli 
day (fig. 31 ZO , pairs three and five on the 16th day (fig. 32), pair one on the 
17tli day (fig. 33), and pairs six, eight, ami nine on the 21st day (fig. 34 P).„ 

The primordinm of the second leaf was fia:*st observed in the 13-day-()].d 
embryo (fig. 14 Z^).- Its midveiii began to differentiate on the 15tb day* (fig. 
31 P). There were three pairs of lateral bundles in the' second leaf of the fully 
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developed eiiibyro {Hg. 35 P). Pair 2 began to differentiate in the 17-day-okI 
eiiibryo (fig. 33), and pairs 1 and 3 in the 21-day-old embryo (fig. 34 

Idle primordinni of the third leaf appeared on about the 16th day (fig. 
17 V). The midvein, of this leaf differentiated on the 21st day (fig. 34 P), and 
no otlier blind les wei.-e formed in tlie third leaf in the normal development of 
the embiyo (fig. 35 ?‘0. 

Root System. The primary root primordinni began to develop about 10 
days after fertilization (figs. 11, 22 p.r.). In the eiiltiired plants the primary 
root Iiad eight strands of protoxylem alternating with eight strands of 
pliloein as did the other roots formed in the embryo. The number of cells 
in eacli strand increased witli the age of the embryo, and tlie cortex of the 
roots also increased in thickness. The first pair of seminal roots began to 
differentiate on the 12th day (figs. 13, 23 s,r.). The second pair began on the 
15tli day above and between the first pair (fig. 24) . The third pair was formed 
outside and above the second pair on the 17th or IStli day (fig. 25). A fourth 
pair of primordia was formed after 21 days between and slightly above the 
third pair (fig. 26 All of these primordia were formed in front of the 
primary root. 

GoUm'liim. The coleorhiza was differentiated from the lower part of the 
lO-day-old embryo (fig. 11 co.) by the development of the primary root pri- 
mordium. Tlie other root primordia grew down within the coleorhiza and 
were often separated from each other by thin lajmrs of the tissue of the 
(ioleorhiza. The coleorhiza grew partly by cell elongation but mostly by scat- 
tered cell divisions. No vascular bundles were formed in this part of the 
(mibryo. 

Suspensor. Tlie cells near the base of the proembryo were larger than 
tliose in the other parts (figs. 7 and 8 sit.) and stopped dividing after about 
10 days. Tliey formed the suspeusor, which was not more than 0.1 mm. long 
and whieh in tlie fidly developed embryo was no longer recognizable. 

Transition Region of the Prinumj Root. The nietaxylem of the primary 
root was connected to the midvein and the second, fourth, and seventh pairs 
of lateral bundles of the first leaf. The protoxylem and a little of the 
nietaxylem were eomieeted to the seutellar bnndles. 

Part of the phloem strands of the primary root passed into the center of 
the transition region and formed a large mass of phloem. This mass was 
observed to divide into two parts higher up in the region. One portion was 
tiaiced to the midvein of the first leaf and the rest to the phloem of the fourth 
and seventh lateral bundles of the first leaf and to the seutellar bnndles. 
The remainder of the phloem of the primary root was connected to the 
second pair of lateral bundles and to the seutellar bundles. 
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Vascular The two bundles of tlie .seutellirm wei'e c*on- 

iieeted with the primary root as it began to develop on tin? lOtli day. Tlie 
two bundles of the eoleoptile began to dilferentiate on tlie 12tli day and soon 
became eoniieeted Avith the bundles of the seutelluiiL At the liase ol' tlu‘ 
eoleoptile the bundles from it turned at right angles and iiassed back around 
the other bundles, and joined the seutellar bundles wliere the latt(?r made tin* 
second bend to pass down to the transition region. 

The midvein of the first leaf passed alone through the transition region 
to the primary root, though the second pair of lateral bundles of the first 
leaf came very close to it as they Avere differentiated in the saiue i‘egioii. The 
fourth and seventh pairs of lateral bundles of the fii’st leaf ^vere so (dose 
together in the transition region that they praeticaltv const itn ted a single 
Xiair of bundles. Tlie connections of the other bundles of the stem Avere not 
differentiated in the iiormal embryos, but in the cultured plants the biindles 
turned at right angles aboA’'e the transition region of tlie jirimary root and 
entered the traiisitioii regions of the other seminal roots. Tliese latter regions 
AAHre so close together that they formed a Aa?ry compliiaited plate in tlie 
front of the embryo. 

DISCUSSION 

Since the cell Avails formed by the first two divisions of tlie zygote were 
observed to be at right angles to each other, whereas Norner (1881) and 
Soueges (1924) found them to be parallel, and since the snbsecinent divi- 
sions are even more irregular, it Avould seem that no s|)eeial significance can 
be attached to the sequence of cell divisions nor to the aiTangement of tin? 
cells in the development of the embryo. This is in agreement Avith tlie find- 
ings of Randolph (1936) and may be interpreted as an indication that the 
factors controlling the groAvth of the embryo affect tli(‘ emliryo as a, Avhoh? 
rather than definite individual cells. Soueges’ (1924) stated that the jiarts 
of the embryo are already determined in particular cells in the 16-cel led 
embryo. 

The smaller size and greater number of cells in the upper part of the 
proembryo after about four days suggest a gradient from tlie apex to tlie 
base of some factors which control the rate of division of the cells. The ap- 
pearaiKfe of sinaller cells and more division figures in certain parts of tin? 
embryo on about the seventh day seems to indicate that similar factors had 
become eoneeiitra ted in those regions, 

In the developing seutellum the cells are larger than elsewhere and the 
divisions are scattered, so that there seems to be no localization of such fac- 
tors in that part. 

In the deA^elopment of the embryo the region which is to becbnie the 
seiitellum can be distinguished from that part AAhich biaaiiin^s the stem 
mensteiiL The eoleoptile develops from the same region as that which gives 
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rise to tine seiitellnin. Because of tills the seiitelliim and the eoleoptile are con- 
sidered to be closely associated parts distinct from the stem. There are other 
indications of this distinction which, while they cannot be olfered as proof, 
add to the sii])])()rt of the conclusion based on the development of the embryo. 
Tliese are as follows. 

The bundles of the scutellum develop before the bundles of the stem and 
are connected direcdly with the primary root. However this does not prove 
tliat the scutellum is morphologically distinct from the stem, since the mid- 
vein of the first leaf also is connected directly with the primary root and has 
no conneetions with any of the other bundles of the stem. 

The connection of the coleoptilar bundles with the scutellar bundles indi- 
cates a closer relationship between the eoleoptile and the scutellum than 
between either of them and the stem. In Hordeum the eoleoptile and scutel- 
lum are similar in possessing two bundles in contrast to the one main bundle 
of the foliage leaves. The scutella of some of the wild species of Hordetini 
and of other grasses have only one bundle, and whether one bundle or two 
is tlie primitive condition is difficult to determine. In the corresponding 
structure of tlie embryos of other monocotyledons, which are usually con- 
sidered to be less specialised than grass embryos, there are usually two and 
sometimes four bundles (Taylor 1921). 

The scutellum and eoleoptile are different in appearance and function 
from the foliage leaves, but this point should not be stressed, since foliage 
leaves are known to be greatly modified. While these additional indications 
of the separation in question cannot be defended as proof, it is equally diffi- 
cult to find any conclusive evidence that the two structures are modified 
foliage leaves. It seems possible to consider them merely structures peculiar 
to the embryo. 

The seutelliun alone or the scutellum and the eoleoptile together have 
been generally considered as the cotyledon of the embryo. The term coty- 
ledon, aceording to the Oxford English Dictionary, /Svas first used in the 
botanical sense by Linnaeus as referring to those seed leaves which are not 
in themselves depositories of nutriment but act as organs of absorption, in 
which he saw an analogy to the finietion of the cotyledon in the zoological 
sense. The term had been previously applied to the lobes on certain mam- 
malian placentae. If such a meaning is to be preserved, then the scutellum 
of grass embryos is more rightfully called a cotyledon than any other struc- 
ture of the embryo of any other plant, since with the development of the 
epithelial layer it is certainly the structure most specialized for absorption. 
From the standpoint of develbpmeht it is concluded that the scutellum is 
homologous with the cotyledon of other moiiocotyledoiious embryos. 

Tlie various views of the homologies of the parts of the grass embryo have 
caused nuieli confusion on the terminology of that part of the axis between 
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the node of the first foliage leaf and the primary root. as in 

other grasses this region is very eonijilex. The lower portion is (M)\ ei’ed liy tlie 
eoieorhiza on the outer face and by the sciitellnm on the inner [aee. Just 
above the primary root is the transition region from it to se\'en ol tlie Inindles 
of the first leaf and to the sciitellar bundles, xibove tliis are the four pairs 
of seminal roots and the transition regions through vvliieb tlie bundles of the 
stem are connected with them. The eoleoptilar bundles are present in this 
region from the divergence of the col eop tile to tlie point Avliere they connect 
with the sciitellar hniidles. 

Yan Tieghem (1872), Avery (1930), Boyd and Avery (1936), and otliers 
have shown that this region varies in ditferent species of gi*asses; it does not, 
therefore, seem possible to find a natural term wliieli will fit them all. Van 
Tieghem (1872) divided tlie grass embryos he studied into three g]‘onps on 
the basis of the morphology of the region. In the membei's of tlie first gronf) 
the coleoptile is inserted just above the sciitellum, as in Hjyrdemn and Tnh- 
CHUL 111 those of the second group the coleoptile -is insert(‘d some distance 
above the scutelliim and the region is traversed by a ^hmrtieaP’ Inindle, as 
in Avena and Zizania. In plants of the third group tlie coleoptile is inserted 
some distance aboi'e tlie seutellum and the region lietween is not traversed 
by a cortical bundle, as in the embryo of Zea, 

Avery (1930) described the anatomy of the seedlings of Triticuniy Avena, 
and Zea-y showing the differences between the three groups of Van Tiegliem’s 
classification. The cortical bundle of the second, or A/i’cwa, type is tlie sciiteh 
lar bundle which extends almost to the divergence of tlie coleoptile wliere 
the eoleoptilar bundles connect with it. From this point according to Avery 
(1930) a ^‘common bundle” jiasses doivn to tlie primary root. Avery (1930) 
and Boyd and Avery (1936) regarded the sciitehar bundle as extc'iiding only 
to the point where it met the eoleoptilar bundles. Iloweva^r, in tlie tennlay 
embryo of Hordeum two bundles connect the seutellum witli tlie {n*imai\v root 
meristem and no eoleoptilar bundles are present. In this case it is not possilile 
to distinguish the ^^seiitellar trace” from the ‘'common bundle^^ as desvribed 
by Boyd and Avery (1936). From the development of the embryo in Zizania, 
an embryo of the Avena type, as illustrated by LaRue and Avery (1038) it 
also appears that the "common bundle” cannot be {listinguished from the 
‘'sciitellar trace” at an early age. In the Zea embryo as described by Avery 
(1930) the sciitellar bundle does not extend up into the region between the 
seutellum and the coleoptile. According to Avery (1930) the eoleoptilar 
bundles diverge from two bundles in the stele. It seems more consistent with 
the condition in other embryos to consider that the eoleoptilar bundles extend 
down through the region in question and conneet with the seiitellar bundles. 
In the: Hofdeim embryo there is no elongation of the axis between the scutch 
Iiim and the divergence of the coleoptile, and the eoleoptilar bundles are 

clearly connected with the scuteilar bundles.;.. '■ ''i '' 
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It m sug'gested tliat in the second, or Avena^ type of embryo the ^^ineri- 
steinatic reg'ioii ” described by Avery (1930) is in a part of tlie scutellum, 
iind tiiat the reg'ion of tlie axis betrveen the level of diverg'enee of the scutel- 
[nni and tlie eoJeoiitile is the transition region between the stem and the pri- 
luaty root siirroiiiHieil by an elongated portion of the scntelhim. In the third, 
or Zea, type tlie absence of a cortical bundle in the region between the scu- 
tellnin and the divergence of the coleoptile is due to the fact that the ^hneri- 
steniatic region’^ as shown b^y Avery (1930) is above the seutellar bundle. 
Tlie bnndies from the coleoptile extend through this region to connect with 
tlie seutellar bundle, and so it is considered that in this type of embryo the 
region, between the divergence of the sentellnm and that of tbe coleoptile is 
part of the ti‘ansition region between the jirimary root and tlie stem, snr- 
laiiinded by and fused with an elongated portion of the coleoptile. 

As lias been pointed out, it does not seem possible to find one natural 
term whieli will accurately describe the condition in all tlie types of grass 
embryos. It is the writer belief that the terms which, have been applied to 
tliis region are not strictly correct, but developing a new artificial term would 
onl}^ add to the confusion. 

This investigation was begun while the author was an assistant in the 
Department of Botany, University of Michigan, and was completed while 
tie held the Emma Cole Fellowship in Botany from the same institution. 
The writer wishes to express his appreciation of the support which has made 
this work possible. It is a pleasure to acknowledge the suggestions and criti- 
(iisms of Professor C. D. Lallue, of the University of Michigan, under wdiose 
guidance tliis work was done, and the generous assistance of Professor David 
It. Goddard, of the University of Rochester, in the i)reparation of the manu- 
scu’ipt. 

SnMMA.RY 

1. The normal development of the embryo of Mordeumr is de- 

scribed, and tlie development of the vascular system of the embryo is inter- 
preted from plants grown in culture from embryos of different ages. 

2. The proembryo develops with no definite arrangement or sequence of 
cell divisions. 

3. The scutellam and stem meristem begin to differentiate at eight days 
after fertilization. 

4. The coleoptile is formed from the region which becomes the scutellum 
and is closely associated with the setitellum. 

5. The seutellum and the coleoptile are considered to be structures mor- 
phologically distinct from the foliage leaves and peculiar to the embryo. 

6. The time of differentiation of the leaf primordia, the bundles of the 
leaves, and the seminal root primordia is given. 
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7. The vascular relationships of the various parts of ttie embi-yo are 

described. 

Denison University 
Granville,, Ohio 
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EXPERIMENTS ON THE INHERITANCE OF THE ‘‘PLUS” AND 
“MINUS” CHARACTERS IN GLOMERELLA CINGULATA 

J. 0 . Andes 

(with ONE figure) 

INTRODUCTION 

Edj»’ertou (1914) reported the oecurrence of two distinct types of eul- 
tiires in one or more species of Glomerella isolated from various hosts. These 
types he desi^'iiated as “plus’' -and “minus,” regarding them as “sexual 
strains. ’ ’ Altliough the species of fungi concerned w^ere not definitely identi- 
fied, it appears probable that at least the one isolated from cottonwood and 
used extensively in Edgerton’s work was Glomerella cingulata (Stonem.) S. 
and V. S. Monoaseosporie lines of either the “plus” or the “minus” type 
were capable of iiroducing* fertile perithecia in vitro, though most peritheeia 
of niinus lines failed to develop mature spores. 'When a “plus” isolate was 
grown in plate culture with a “minus” isolate from the same host, fertile 
perithecia developed in great abundance along a line where the two strains 
met. Asei containing the full complement of spores were isolated from peri- 
tliecia produced along the line between the isolates and cultured individually 
without separating the ascospores. It was found that both the “plus,” and 
“minus” strains were commonly, though not always, produced in the Same 
ascus. This and other evidence led Bdgerton to take the view that fertili^ia- 
tion oceurred when the two strains came together in a plate (cf. Shear and 
Wood 1913). He pointed out, however, that the process of fertilization had 
not been fully studied and that it was impossible to explain with certainty 
the phenomena he 'had described. . 

Though -more than 25 years have elapsed since Bdgerton ’s valuable pio- 
neer eontributioix, and great advances have been made in the field of genetics 
of fungi, it is still uncertain whether genetic comhinations occur between the 
“phis’’ and ‘^minnsl’ strains of G. cingulata. 

In working with a culture of G. cingulata from rotted apple, the writer 
obtained monoaseosporie isolates that seem to correspond to Edgerton’s plus 
and minus types. In December, 1939, when the eight spores of an ascus were 
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cultured separately, it was observed that four lines \vei*e ot the plus t,v pe 
and four ^hniiiiisd’ Experiments were then initiated to stvidy (H)inparatively 
in pedigreed cultures the incidence of ‘Spins’' and ‘ minus lines in as<u 
arising' in monoascosporic “plus’’ and “minus” (hones, respect iv el, \, and in 
asci obtained from peritheeia on the line between “plus’ and minus iso- 
lates. This work was unavoidably interrupted in March, 1{)41, when the 
writer was called into military seiwiee. Though it is lioped that the invest iga- 


tion may be resumed later, it seems more advisable to give tlie lollowiug briel 
report of the available results than to await the possibility ot niaking a .more 
complete report after further investigation. 


MATERIALS AND METHODS 

Tiie original culture on which the greater j^art of the present work has 
been based was obtained from a bitter rot lesion on a Black Ben Davis a|)[)le 
from Tennessee. Reinoculations into apples incited the characteristic rot in 
all cases. Another culture that was used to a very limited extent was obtained 
from Miss A. J. Watson, who had isolated it from a spcHiimen of Celasfrus 
scandens L. secured in New Hampshire. The two races represented were 
designated southern and northern respectively. 

Various media were used to culture the fungus. It was found that potato 
dextrose agar served quite well for the production of eonidia and ascosporc'^s, 
and this was selected as the standard medium for tlie work. The agar was 
unwashed and the commonly used formula was employed. Varying tlie ])H 
and the relative carbon content, within limits, affected the rate of gro wth of 
the fungus but not the production of either ascospores or eonidia. Oat agary 
sometimes recommended for use in the production of peritheeia, gave no ap- 
parent increase in this case. Monosporie isolations were made by iiKUins of 
glass needles used with a stereoscopic binocular mlerosciope. In most cases tlie 
spores were removed without regard to their relative position in tlie as(*us. 

TYPES OF ISOLATES OBTAINED 

Two general types of cultures, designated as light and dark;’ were ob- 
tained. The color differentiation was definite in all cultures and together witli 
other characteristies readily served to distinguish the two types. 

The light type is characterized by an abundance of light-colored aerial 
mycelium. Coiiidia are produced sparingly but occasionally acuuuuili are 
formed which produce pink spore-masses. In the course of a few days cul- 
tures of this type produce peritheeia which contain fully developed normal 
asci with viable ascospores. These peritheeia are in groups and do not 0 (?,ei:ir 
distributed throughout the culture like those of the dark type. 

■V,, I'SiBee'itisMiot definitely kBowix whether.' these typeS' aetu.ally enter into', genetic tom- 
hinations 'with each otlieiv.they, are hereinafter- designed as .light, and' 'd.ark. They seem to' 
correspond, respectively, to Edgerton^ (1914) /'plns»> and^'mimis’^ strains. 
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llie (liirk ty pe produees very little aerial iiiycelium, and in the course of 
a. few' days appeal’s carbonaceous. It alw^ays produces abundant coiiidia in 
lar^'e masses on the various media enx]>loyed, the masses of spores at first 
giving* tiie cidtiires a salmon-pink surface coloration. Later peritheeia are 
produced in lar^’e numbers over the surface and submerged throughout the 
nieiliirm. Tliese peritheeia^ however, seldom form asci and when asei are pro- 
diK’cd they are usually abnormal, the spores not germinating readily. It was 
found that only one in several hundred peritheeia formed even imperfect 
as<ii. 

Wlien the twu) types are grown together in the same Petri dish there is a 
distinct line of peritheeia at the junction of the colonies. These contain 
noi'inal asci Avitli tlie usual complement of ascospores. 

DEin VATION AND BEHAVIOR OP CLONES OF THE SOUTHERN RACE 

As exphiined above, the original culture, designated as stock culture No. 
1, was isolated from an apple. Two single ascospores picked out at random 
from this (mlture yielded the clones from which all the others of this group 
were derived. One, a dark type, w^as designated as 1C and the other, a light 
tyfies, as lA. These isolates were then grown together in the same dish, and 
from the line of peritheeia that developed where the two met, single asci were 
picked out and the spores isolated. One set of eight cultures, X2, derived 
from, tlie ascospores of a single ascus, w^as retained for further study, all sub- 
se(|ueiit cultures being derived from this set. 

The derivation and types of the clones of the southern race are diagram- 
matical ly shown in figure 1. A solid black disk designates a dark type clone, 
whereas a circle designates a light type. While the ascospores were always 
isolated in full sets of eight, occasionally some spores failed to germinate; 
this ac(W)unts for the blank spaces where sets of cultures derived from certain 
asci are represented. Altliough the dark type strains are designated first, 
followed by tlie light in indicating a set, this does not refer to their relative 
|)ositi()n in the ascus. Sets marked by the letter X were obtained from the 
line of perdthecia developed be^^ opposite types, whereas those with- 

outethe X;were;()btained fiN)muiloiies grown separately. ■ 

IJn broken lines trace the descent of isolates from a monoascosporic clone, 
and grouped columns of sets below the end of such lines are from the same 
colony. Broken lines show the derivation of sets from peritheeia taken from 
the line between the dark and light isolates. For example, sets X30 to X38 
were obtained from the line of peritheeia formed by pairing 58 (4) and 58(7) . 
Sets grouped by brackets are all from the same perithecinm. For example, 
sets 91 to loo were from a single perithecinm taken from culture 57(5). 

The light and dark strains of the southern race were distinctly differ- 
entiated in culture, even under widely varied environmental conditions. 
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Both types remained constant, whether propagated by eonidia, or i]iy<'elium. 
It is eoneluded that these types are hereditary rather than inodificatioms 
indiieed as responses to environment. 

IVitli one exception asci from inonosporic clones of the light tyj>e yielded 
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Fie. 1. Derivation and type of the clones of the southern race of (rkynwrella 
eingiuata (see text). 

either all dark cnl times or four dark and four light. In the excjeptioxial case 
there were taken from a peritheeium of cion 58 ( 7 ) three asei yielding all 
light cultures and .five asci that gave all dark cultures^, When seve'ml asei were 
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taivGii f ro!ii a siiig’le peritlieciiim they yielded either all dark cultures, or half 
dark firid lialt lig'lit, with the one exception mentioned. In this exceptional 
(aise, liowever, when certain cloiies from asei that had given all light cul- 
tures were stiidied, for example 107(7) and 112(1), they gave rise to asei 
yi(‘id ing darlc as well as light strains. 

Asei ol)tained from the dark strain grown alone yielded only dark cul- 
tui-es. Tlie iiinnber of isolations is certainly relatively small, because most of 
the as(M)spores did not germinate, but as far as the experiment was carried 
the dark colonies produced nothing but dark offspring. 

When asei were taken from perithecia at the junction of dark and light 
(‘olonies there usually were produced either ail dark sets or sets consisting of 
half dark clones and half light. There were certain instances, however, in 
which the I'atio of the two types in a set was not 1 : 1, for example: X5 and 
X7 in wlii(di there were 2 dark and the remainder light, and X22 in which 
til ere were 6 dark and 2 light. Here again all sets from the same perithecium 
were alike except X22. 

REACTION BETWEEN ISOLATES 

race. To determine whether all dark isolates of a set would 
react to form lines of perithecia when in contact with each light isolate of 
a set, the clones of certain sets were paired in all possible combinations. 
When, for instance, the clones of set X2 were so paired it was found that 
tliere was a definite line of perithecia where each dark isolate came in con- 
tact with each light isolate, but where light isolates came together there was 
never any such line of perithecia formed, the colonies merely merging. The 
dark colonies likeA¥ise placed together showed no indication of any reaction 
with one another. In the sets in which there were all light or all dark clones 
from a single asciis, as for example, 107 and 110, it was found that there 
were lines of perithecia only between dark and light isolates when the clones 
of the two sets were placed in all possible combinations. 

Northern race. With this culture the clones derived from a single asciis 
were either all of the dai'k type or all of the light type. The number exam- 
ined was small, only 15 asei in all ; but this seems to be the normal situation 
in this race in contrast to that found in the southern race. In pairing the 
dark and light strains of the northern i^aee, it was found that a line of peri- 
thecia was formed only when dark met with light. 

So'uthern race wifJi m A southern light strain paired with a 

northern dark gave a line of perithecia at the junction, and a northern light 
pairM with a southern dark likewise^ perithecia at the meeting line. 
Southern dark and northern dark gave no line of perithecia, nor did south- 
ern ..light and' northern light. 



614 


BULLETIN OF THE TORREY CLUB 


rvoij. 08 


SUMMARY AND CONCLUSIONS 

A race of Glomerella cim/nlata (Stonem.) S. and v. S. obtained troin a 
rotted apple from Tennessee was studied for inheritance ot lig’ht and dai*k 
strain eliaraeters (apparently corresponding*, respeetivel>^, to “phis'’ and 
^ ' niinns ’ ’ of Edgerton ) . 

Monoascosporic colonies were always either light or dark. 

A comparative study was made, using pedigreed cnltures, of the iiK'i- 
denee of light and dark lines in asci taken, respectively, from monoasco- 
sporic light clones, monoascosporic dark clones, and the line of perithecia 
developed where light and dark strains met in plate culture. Monoascosporic 
light clones gave asci that yielded all dark clones or half dark and half liglit, 
with the exception of one jieritheeium in which the asci yielded all dark or 
all light. Monoascosporic dark clones gave asci that yielded only dark clones. 
Asci taken from perithecia produced where the light and dark types met 
usually yielded all dark clones or half dark clones and lialf liglit. Several 
such asci, however, yielded dark and light clones in 3 : 1 or 1 : 3 ratio. 

In limited experiments with a northern race of the same fungus some- 
what different results were obtained. 

Perhaps the most noteworthy aspect of the results here reported is the 
common prodiietioii of all dark clones or half dark clones and lialf liglit 
from asci originating in monoascosporic light lines of tlie southern race. 
Explanation of this remarkable phenomenon of eontinuous procluctiim of 
dark and light clones in 1 : 1 or 1 : 0 ratios from asci of a homothallic liaploid 
line must await the results of further work. 

The work was carried on under the direct supervision of Dr. (}. W. Keitt, 
to whom the writer is greatly indebted for suggestions and for help in pre- 
paring the manuscript. 

Department op Plant Pathology, University of Wisconsin 
Madison, Wisconsin 
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CYTOPHYLETIC ANALYSIS OF ASTRANTHIUM 

INTEGRIFOLIUM 

J. T. BAiiDwiN, Jr. 

(with four figures) 


(Miclix.) Nutt., the western daisy, is more 
3 L>*eiierally known as BelUs vntegrifolia and is then congeneric with the 
English daisy. According to the manuals, the plant occurs from Kentucky 
and southwestern Missouri to Texas and blooms from Ma}^ to July. 

Seed of A. iniegrifoliim {Mary Wharton 4329, University of Michigan 
Herbnriuni; near Liberty, Casey County, Kentucky) planted in the IJni- 
A'crsity of M;iehigan Botanical Bardens in January 1940 produced flower- 
ing specimens during November 1940 and several subsequent months. 
One of tlie plants, drawn by Eduardo Salgado, is shown in figure 1; the 



PiG, 1. A^tmnilhium mUgrifolmififi flower. x0,7. Figs. 20COhromo- 

somes of A^itranthmm integrifoUum: in leaf cell; n-A at first and 

second "met apliaGe in 'pollen another -cell, ■X'MQO*; ■ ■ 
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basal leaves are still present, and the flowers are inatiirin^'. The elironio- 
somes were im'estigated in aeeto-carmine smears of leaves, roots, and 
anthers: 2'n = 8 (flg*. 2), (figs. 3, 4), This soniatie niiinber was also 

determined for plants sent by Miss Wharton from Big Hill, Madison 
County, Kentucky, and for plants collected witli the aid of H. T. Sliaddette 
and A. M. Harvill of the University of Kentucky from near Nashville, 
Davidson County, Tennessee, from CliftTon, Woodford (.oiinty, Kentm^ky, 
and from the University of Kentucky Botanic (Tarden. Meiosis was in 
process in the Tennessee plants on April 15, 1941 : n = 4. 

Representatives of this species are recommended for use in classes in 
microtechnique. Mitosis may be readily studied in easily made leaf smears 
(for method, see Baldwin 1939 ; Sen 1940) ; meiotic material is not difficult to 
get, for the flowers of a head develop difterentially over an extended pei*iod. 
The plants normally die after blooming*, but, if the stems are cuit back, flower 
production will be prevented and thus a constant supply of young leaves 
insured. 

Negodi (1936), working with plants grown from seed obtained from a 
European botanic garden and identified by De Candolle’s (1826) des(n*i[)“ 
tion, reported Beilis integrifolia Miehx. to have an w-iiumber of 9 cliromo- 
somes; in view of the present study of material from tlie wild, one judges 
that Negodi mistook the species. Chromosome numbers liave been determined 
for five other representatives of Beilis: 


n-number 

B. anmia L. 9 

B, perennis L. 9 


B. rotiindifolia Boiss. Kent. 9 

B. mexkana A. Gray 18 

B. sylvestris Cyrill. " 18 


2n-iiiimber Autbm‘itY 

Negodi 1937a 
iMhikawa 1911 
Wiiige 1917 
Negodi 1937 m 
18 Hoitz 192fi 

Negodi 1937b 
Negodi 19371) 
Negodi 1937a, 

54 I’iHchler 193(5 


Steyermark (1940) recognizied the validity of NuttalUs itionoty|)i(» 
Astranthium,. Chromosome numbei\s give an additional basis foi‘ this gencrii* 
separation: A, integrifolium has aji n-n umber of 4; tlie six inv((Stigated 
Beilis species, %-numbers of 9, 18, or 27. Perhaps Beliis (the genus, as listed 
in Index KeweimSy includes about forty species, approximately a third of 
them being native to the new world) is an amphidiploid result of a iinioii 
between a 4-ehromosome system, of which Astranthium is an exprc^ssion, 
and a 5-chromosome system. In this connection, it would be int<u‘esti ng to 
know the chromosomal situation in Eclipta L., for Nuttall (1841), writing of 
Astranthmm, said: “This genus appears to be mneli more allied by the fruit 
to Eclipta thsen to Beilis/^ 
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SUMMARY 

AMraniMuni hifegrifolium lias an ^/-number of 4 chromosomes, a 2n- 
iiiimber of 8; Beilis, as investigated by other workers, has a basic number 
of 9 : these chromosomal data support the separation of Astranthium from 
Beilis. 

.1. integrifiM^^^ is recommended for use by students in microtechnique. 
Dei^aetment of Botany 
University op Michigan 
Ann Arbor, Michigan 
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STRUCTURAL FEATURES OF THE SHOOT APICES OF 
DIPLOID AND COLCHICINE-INDUCED, TETRA- 
PLOID STRAINS OF VINCA ROSEA L.^^ 

(j. L. Cross and T. J. Johnson 

(with TWENTY-FOUl^ FIGURES) 


INTRODXTCTTON 

Yinca rosea (]\Iadag*asear periwinkle) is an ormimentai plaiit of eonsid- 
erable importance in the southwestern states (fig. 1). Because of its resis- 
tance to drouth and disease, and because it blooms over a relatively long 
period of time during the summer months, the plant is used extensively in 
public and private gardens. In an effort to produce iieAv and improved Viirie- 
ties tbroiigh the induction of polyploidy (Bigsti 1938), Schnell (1940) 
treated seeds and seedlings of botii the red and wliite varieties of F. rosea 
with various mixtures of colchicine, prepared in water, inin(‘ral oil, and 
lanolin. An assortment of tetraploicl and octoploid ]>lants, in eluding a few 
chimeras,, was obtained from this treatment. One especially pi’omising white 
tetraploicl strain appeared, and it is being cultivated experimental at tlie 





Pig. 1. Diploid plant. Pig. lA. Tetraploid plant. Note sliorte 
lieavier, darker leaves. X 4. 


r, tbieker main, axis a.nd 


■ Contribution,, from: the BotanicalLaboiutory,o:f-.tb 0 Bniversity' of Oldalm h.a. 66. 

Publication "of' the figures was assisted by. the Lueien. M. .Underwcod Me,morial Pund. 
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lIiiiversitA" of Oklalioma. The plants of this new strain have somewhat more 
massive stems, thicker and greener leaves, and larger fioAvers (%. lA). The^^ 
groAv in lieight more slowly than the related diploid variety, and freqnently 
are someAvhat shorter than diploids of the same age. 

Keeently Taylor (1941) became interested in the Avater relations of tetra- 
|)loi(l and related diploid varieties of Vnica, and his eomparative measure- 
ments of Avater absorption and transpiration indicate that tlie tetraploid 
strain developed by Sehnell may prove to be generally desirable for culti- 
vation in the southAvestern part of the United States. The tetraploid strain 
and several interesting chimeras AA^ere given to the present Avriters for 
histogenetie studies, and grateful acknoAvledgment is made to Miss Sehnell 
and Mr. Taylor. 

Tlie fundamental importance of apical meristein in problems dealing 
Avitli growth of the shoot has been stressed recently by Jones (1937), Foster 
(1939), and Satina, Blakeslee, and Avery (1940). Except for an investiga- 
tion of (M)leliieine-indaced periclinal chimeras of Datura (Satina, Blakeslee, 
and Avery 1940), apparently no comparative studies of the shoot apices of 
})olyploids and related diploids have been made. Tlie present investigation 
Ava,s undertaken in an effort to determine if the changed appearance of 
(R)lchicine-iiKluced tetraploid periwinkles could be correlated Avith visible 
(ihanges in the structure and groAvth of the apical nieristem. 

METHODS 

Tlie shoot apices used for the present investigation were obtained from 
white-floAvered plants groAAm from seed in the greenhouses at the University 
of Oklahoma. The tetraploid material was collected from the Fi generation 
of the new strain induced by Sehnell (1940). Sehnell bad treated the apices 
of tAVO white-floAvered plants AAutli a colchicine-lanolin mixture (1:100), 
After this treatment the main axes died back and lateral, tetraploid branches 
were developed. Seeds collected from these tetraploid braiiehes produced 
the F, plants here described. Because the fiowera of V, rosea are normally 
seir-}>ol limited, it was assimied that the iieAA^ tetraploid variety would breed 
time, Su(4i has proved to be the case, as is demonstrated by epidermal cliar- 
artcristics (figs. 2, 2A) and by chromosome coiints made from pollen mother 
(*.ells (figs. 3, 3A)^ of the Pi. 

Tischler (1931) has reported 8 chromosomes for the haploid phase of the 
normal diploid variety of U men, and Simonet and Chopinet (1939) found 
16 chromosomes in the corresponding phase of tetraploid Tarieties. Figures 
3 and 3A in the present paper confirm the counts made by these earlier 
investigators. 


a Accto-caniiiuo preparations from which these photographs were made were prepared 
by Dr. O. J. Eigsti, University of Oklahoma, to; whom the writers exitend grateful thanks. 
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Tile materials were killed and fixed in formalin-acetie-aJcolioi (5 ])arts 
formalin, 7 parts glacial acetic acid, and 88 parts 60 per cent ethyl alcohol ) 

and in duel’s solution (Korody 1937) under reduced pressure. Tertiary butyl 
alcohol was used for dehydrating and clearing (Cross 1937a), and tlie inale- 
rials were embedded in “Tissue Mat.” Serial sections were cut 8 [i bi tiiick- 
ness; .safranin and fast green (Cross 1937a) were used in staining. A 



Fig. 2. Diploid epidermis, x 100. Fig. 2A. Tetraploid epidermis. Note that tlie teti-a 
ploid guard cells are considerably larger than the diploid but that the other epidermal 
cells are about the same size in each strain, x 100. Fig. 3. Diploid microspore motlujr cell 
immediately after reduction division, showing chromosomes in groups of 8. x 006. Fw. 
3 A, Tetraploid niierospore mother cell immediately after reduction division, showing chixe 
mosomes in groTups of 16. X 666. 


Wratteii A filter, no. 25, was used during photomicrogTaphy to emphasize 
the cell walls. 


GENERAL FEATURES OP THE DIPLOIB SHOOT 

■ , Apparently the'; only published accotint of apical meristenr in the' geiitis 
y^na/is 'Schniidt:'s (1924) description of the shoot apex of ■ F. minor Im 
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ill. this s|>e«*if\s t fieri* is a three-layered tmiiea and a central cx),i*;p'us an 
,fri*«:**yiilar ctlhdar faittiO’ii. The outer layer of the tunica, divides o,iily anti- 
(‘liiiaiiy ami its dtuhvatives (.leveh.)p into the epidermis of t,lie shoot. The 
si‘coiid .ami third hi>‘ei‘s of the tunica, also divide o.n,iy antii'liiially at the 
.suiiimif of the meristem, hut duriujji.’ leaf initiation pericliual divi>sioii8 (icciir 
III ftie Hanks, find the derivatives of tliese early })eri(hi]ial divisions [Kroduci^ 
tlie inlenud portions of the leaf. Schmidt was able to (lemonstate that the 
tli’idvat iv'es of the second laym,' of the tnnica produce t,he pare,tudiy:matous 
|H,ir!ious of thi‘ lemf, whi^reas the va..s(*ulai.‘ tissi.ie .in this org'an is foiM.ned from 
derivativiAs <jf fluvthird or innermost layer of the timica. In the shoot axis 
derivativt‘s of the tunica |>ro<1nce the epidermal and cortical portions, but 
the stt^iar regions, exi*e|)t for the leaf traces, are derived from the corpus, 
liecausc^ the various iaytn^s of the tnnii'a {ind the corpas of F. ni/inor make 
such definite and |>i‘ecds<»' (sintributions to the shoot axis, Sdunidt reg’arded 
tliesi‘ li’rowth j^oues as time hist oj^i’ens equivalent to those of Hanstein (1868) 
as follows: the first la>'er of tunica is the dermatoji'en, the second and third 
laytu's oi* tunii'a are the* jieriblem, and the cor|)ns is tlie plerome. 

Tin* sin ad a|)ex of F, rosra is elliptical in transection. The form and size 
vaiu' dnrinjr the (mursi* of a filastoc^hron— the latter to a jiU’cater extent than 
the former. The **lenjith/^ *‘width/^ and ‘‘height’^ of several apices, :ia 
various jdiases of (levelofiment between periods of foliar initiation, were 
measured. '.As 'used iri. this paper the ‘'length” ami ^‘^width’^ .refer respec- 
tively to tl.ie long ai'n.!. sh().rt axes of elliptical transectious immediately above 
tlie.a'xils of t'fie youngest iea'ves. However, the-rneasuremeuts were made from 
median longitudinal sections, in each apex one dimension (t*]e,n.gt.lFl or 
**w.idt.h/^ depending on tlie plane of the. section) was obtained by direct 
m.easure.ma.n.t ; the other necessarily was obtained by .counting sections a'lid 
multiplying by' the thickness of the sections. The ^^height” was obtained by 
"measuring tlu» dis'tam'.e from the s'limmit to a straiglit line connecting 

the axils of thc! yonng(*st leaves. 

I mnuHliati^iy aftm* the i,riitiati(>n of a ;pair of opposite .foliar priniordia, 
when the slmoi ap(»x is in a, state of mi.'nimal su.r.face a,rea, the length o:f thC' 
apical merisienu is usually about 70 p, the width about 45 p and height from 
to 5 p (figs. 4, 10, 15). During the imsuing plastociiron the apex 'g.i.mlually 
imn*eases in siz(% and atta,ins itsm'naxinial surface area just prior to,', the 
iidtialiou of th(^ next pair of leaf. |:)riino,rd,ia , (figs. 4-40, 15-20). M^easure- 
menlH made at this stage hHlieate-'that. im-mediately before leaf initiation,'' the 
length of the apex is about 160 p, the width 110 [i, and the height 45-50 [u 
Howtwer these maximal ilimensions are regarded as only approximately 
corned, be<‘a,us(‘ difficulty was experien(?ed in deciding exactly when and 
Ixd ween wfiat points measurements should be made. Tlie increased <limen- 
sions are attained in a uniform mauner—that is, an increase in one dimen- 
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sion is correlated to a certain extent witlx increases in. tlie otliers. At tlie end 
of each period of enlargement, when the ineristem lias reached its niaxinial 
surface area, a pair of opposite foliar primordia is diiierentiated in a plane 
parallel with the long* axis of the transectional ellipse, and perpem lieu far to 
the plane of the next youngest pair of leaves (figs. 10, 13, 20). At tliis poiii t 
it is interesting to note that the range of dimeiisions given toi' I . rnsen is 
slightly greater than reported by Schmidt for V. minor (lengtli 104 p, width 
36 \A, and height 10 p during minimal surface area, and length 130 [i, widtli 
97 p, and height 42 jj during maximal surface area). 

STRUCTURE OP THE DIPLOID SHOOT APEX DURING MINIMAL 
SURFACE AREA 

Immediately after the initiation of a pair of foliar primordia,, nnaliaii 
longitudinal sections cut in any plane show that the apex consists of tliree 
rather distinct peripheral layers of cells whieli cap a central region diar- 
acterized by a somewhat irregular cellular pattern (figs. 4, 15). The two 
outer layers constitute the tunica. The cells of tlie tunica divide o]d\' anti- 
clinally at the summit of the meristem, hut as is shown latei*, peric'linal divi- 
sions occur in the flanking portions of the second hiyer of tlie tnni('a during 
foliar initiation. Frequently a centrally located large cell dorninatc^s each of 
these layers (fig. 18). The third layer at the apex (fig. 4) is tlu> first layei* 
of the corpus. It maintains its identity for a variable period of time aften* 
the initiation of foliar primordia, but sooner or later the constituent (*ells 
split periclinally (figs. 5, 16) thronghoxit its extent, and often this plie- 
nomeiion occurs in such a regular manner that four layers of cells may be 
distinguished at the apex (figs. 6, 17), i.e., two layers of tunicai and two of 
corpus. The layering is remarkably evident immediately beneatli tlie snnnnit, 

Explanation of figures 4™10 

Fig. 4. Loiigiseetioii of apical meristem of V. roisea in early stage of plastodirtm, <‘ut 
parallel witli plane of youngest pair of leaves ^ /I, first layer of tunica.; sihmuhI layer 
of tunica; c, corpus; rni, rib meristem. Pia. 5. Longiscction of a|)ical meristem in lattu* 
stage of plastoehron cut in same plane as lig. 4, showing periclinal splitting of c<‘Ms in 
first layer of corpus; cl, first layer of corpus; second layer of corpus. Fig. 6. liongl- 
section of apical meristem cut in same plane as figs. 4 and 5, showing still later stage in 
plastoehron. Note intercellular spaces in rib meristem. Fig. 7. Ijongiscctlon of apical 
meristem immediately after foliar initiation, cut perpendicular to plane of youngest i>air 
of leaves; w, nodal region; ps, provascular tissue. Fig. 8, Ijongisection of apical m<*rist(vm 
cut in same plane as fig. 7, showing later stage in development of nodal region and |)ro- 
vasciilar tissue. Note that provascular tissue is separated from derivatives of tlu^ tunica 
hy cells of the corpus. Fig. 9. Longisection of apical meristem showing p(vri<d’mal divi- 
sions in T-2 associated with origin of foliar promordium; I, foliar primordium; a, nodal 
region; in, internodal region. Note vascular tissue in two youngest internodes separatmi 
by undivided cell marked X. Fig. 10. Longisection of apical meristem showing later 
stage of foliar primordium and further development of nodal and inUnmodal regions. Note 
acropetal differentiation of provascular tissue. X 325. 
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but frequently, because of the presence of oblique walls, it iiiay not be seen 
ill the fiankiiig regions of the corpus. For convenieiuie tliese foiii* laA’ei-s ai*e 
hereafter designated as T-l (first layer of tunica), T~2 (second layer of 
tunica), G-1 (first layer of corpus), and C-2 (second layer oi corpus). A 
comparison of the description and figures given liei'C foi‘ V. roHca with those 
by Schmidt (1924) for V. minor reveals the interesting fact that tli(‘ tnnicai 
of F. rosea consists of one less layer of cells than is found in F. minor. A 
similar variation in the structure of the tunica amongst different s|)e(des 
of the same genus has been reported for FdHrrna-m (Cross 1937b, 1938) and 
Veronico (Schmidt 1924). 

GROWTH OF THE DIPLOID SHOOT APEX 

An idea of the changes that occur in the apical meristein during tlie 
course of a plastochron, including the initiation of foliage leaves, may be 
obtained by studying figures 4-10 and 15-20. In figure 4 tlie narrow, 
columiiar appearance of the cells in T-1 and T-2 provides evidence of re(*ent 
mitotic activity. Although only anticlinal divisions occur in the tunica, 
the summit of the meristein is gradually elevated (imu’eased in height) 
during the plastochron. It is apparent in figure 5 that this increase in lieight 
is a result of cellular activity in the corpus. All the cells of the first layer 
of the corpus except one cell near the center have divided periclinally (tlius 
forming C~1 and C-2), and a slight growth of the derivatives has thrust the 
apex of the shoot upward somewhat. Below C-2 the cellular patteni is 
irregular in all figures. In figure 5 several groups of genetically related cells, 
each clearly derived from a single mother cell, and oriented in a iiiaiiner sug- 
gestive of a rib meristein, may be seen in the central portion of the mrpm. 
The mother cells of the rib meristein are derivatives of C-2, althougli formed 
perhaps during the preceding plastochron. In figure 6 a highly oi'ganissed »*ib 
meristem may be Kseen, eonsistiug of cliains of cells which diverge from a. 
region immediately below the central portion of C-2. The derivatives of tlie 
rib meristem augment the pith. Thus during the early stages of growtli fob 
lowing foliar initiation the apical meristem may be regardcMl as consist inu 
of four layers which cap the mother cells of a rib meristem. The relatively 
^'shallow'' nature of the apical meristem is apparent in figure 11, where 
the abrupt transition from densely cytoplasmic layers to highly vaciuhite 
rib-meristem is striking. Except for relatively infrequent perielinal divi- 
sions (fig. 7), C-1 divides anticlinally during the plastochron, and as a 
result it appears as a discrete layer after the primordia of the next pair of 
leaves are initiated. However, the cells of C-2 divide extensively in various 
planes, and the derivatives form a massive core of tissue as the iummsos 
111 size. CGiitinued division and growth of* the derivatives of C-2 ebwate tlu^ 
surface of; the meristem and generally thicken thC:, meristem in '.vertical as 
well as lateral directions (figs. 7,19) . 
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Flu. 11. L<>n^iK{H'.tion of nboot apex showitig apical yoiuig foliar primortiia, 

yoiiag int(e‘tu)(l(^, axillary badH, glandular Fia, 12, lAmgiHec^ of sboot apc'x eut 

]>(u-pendicular to plane of youngent foliar prlmordla. Fio. 13, LoiigiHectiou of ahoot apex 
in nanu^ Ktag(‘ of dt^velopnunit as represented by %, 12 but eiit perpendicular to :fig. .12. 
,Not<^ very young foliar priniordia and lateral to them, young nodal and internodal n'gions. 
Fid. 14. Longis(‘c,tion of a eokdiicinedndneed, tetraploid sboot apex of ajjproximatdy the 
same stegc* <d‘ (h^velopmeut as the one represented in hg. 11. x 70. 




626 


BULLETIN OF THE TORREY CLU13 


!:\'OL. (ms 


For a clearer iinderstaiiding* of the interrelated fuiictioiis of the tiHU<-a 
and corpus in the growth of the shoot axis, it will he lieiiiliil to rivler to 
figures 7 and 19, prepared from sections cut parallel witli the iouger traiisiM*- 
tional axis of the enlarging meristein shortly a,fter leaf initiation {th(‘ 
youngest leaves are not in the plane of the paper). In tliese figures the 
layers of the tmiica, except for the larger nuinber of cells in eaxdi la,\'er, aiH^ 
similar striietnrally to those seen in the previous figures, although the cin*va- 
tiire of the apex is greater. Divisions in T-l obvioiisiv^ had l)aen entiridy 
anticlinal up to the time that the material was fixed. Simila.idy in T-2 anti- 
clinal divisions had prevailed at the summit, but in the iinii'gins or flanks of 
the ineristeni several cells in T-~2 show evidence of liavi ng divided |>eiu’- 
cliiially. Upon casual observation it might be supposed tliat siicli p(n*iei[inal 
divisions represent preliminary stages in the initiation of a, new paii* of 11)1 ia i* 
primordia. However, this is not the ease; on the con trains tlie peridiiially 
divided cells of T-2 in figures 7 and 19 are related to the iTnandly initiatcMl, 
opposite foliar primordia, which are oriented in a plane perj)eiidi('nlar to 
that of the paper. In other words, these periclinal divisions are c()nc(‘riH‘d 
with the development of the nodal and possibly the internotlal portions of 
the shoot axis which are located immediately between and below the margins 
of the opposite leaf bases. From a study of maiiv sections similar to thost^ 
represented in figures 7 and 19 it appears that periclinally dividing (-ells in 
T-2 extend as a ring or ellipse througbout the entire circumference of the 
shoot apex during foliar initiation. In the plane of the long axis the dt^riva- 
tives contribute to the tissues of the young leaves; in tlie plane of the sliort 
axis they contribute to the cortex of the node and iiiternode. This (level o|>- 
mental feature was not described by Schmidt for V. nmm\ Figure 8 repri*-'. 
sents a, later stage in the development of tlie nodal and iuternodal |)(>rtious 
of the shoot axis which are associated with the youngtjst foliar pt’imordia, 
The ridge-like appearance of such regions as seen in Icmgitndinal setdions is 
confusingly suggestive of foliar primordia, a,nd only whem a s(uu(‘s of stag(»s 

Explanation of figures 15-20 

Fig. 15. LQiigisection of slioot apex in early stage of plastoc'iiroji eut |>arall<*! witli 
plane of youngest leaves. Note three distinct layers at summit of ruerlMtmn. Fio 10 
Longiseetioii cut hi same plane as fig, 15 but slightly later in plaHtoiihrcm, showing p<nl’ 
elinal splitting of cells in first layer of corpus. FiG, 17. Longiscctlon of api(-a! merLsiem 
xn still later stage of plastochron cut in same plane as figs. 15 and 16. Note* transformn 
tion of derivatives of C~2 into rib meristem. Fig. 18. Biimlar to 16, showing large* ooUh 
dominating first and second layers of tunica. Fm. 19. Longisection of apical rtnudHteun 

cutperpendieular to plane pf youngest foliage leaves ; pericdinal spliH^ in fianli of T-2 

is associated with origin of node and associated internode of youngest hawes; p, provas^ 
eiilar tissue. Fig. 20. Longisection apical meristem cut parallel with youngest fjliar tin- 
mordia, showing development of nodal and iuternodal region and vaxmolation of cells in 
cortex; p, provascular tissueyc^^^^ 15-1.0, x 560; 20 

X ,250» ^ .h* j 
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siieh as those represented by figures 7-10 and 20 is studied, does ilie real 
sig*iiifieaiiee of the region become apparent. 

" To the left, in the youngest internode represented in figures 7 and 10 , 
elongated cells indicating the origin of provascula.r tissue may be seen. Fig- 
ures 8, 9, and 10, prepared from apices more aclYaruaMl in tlu' plastoi'luain, 
confirm this interpretation. It is obvious that tlie provasi^ular tissue of tlu^ 
axis is initiated from lateral derivatives of the corpus, wlfudi is in agrei^nnuit 
with Schmidt’s account of V. mmor; however, in contrast to' V. /araur the 
provascular tissue in V. rosea is not differentiated imniediatel\" adjaianit to 
derivatives of the tunica, but is separated from these by othei* derivative's 
of the corpus. Therefore, the corpus contributes to the coi'tex as well as to tlie 
stele of V. rosea, and accordingly is not to be regarded as e(|uivaleut 1o 
Hanstein’s plerome. 

AA^hen the length (long dimension as seen in transection) o(‘ the shoot 
apex is approximately 160 g, new foliar primordia are ditfei’entiated in a 
plane perpendicular to the last pair, and they appear as small (U’(‘s<8‘nt- 
shaped protuberances located immediately (-.entrad to tlie bulging nodal and 
internodal areas previously described. In figure 9, it may be s(‘en tliat tlie 
earliest stages in foliar initiation are correlated with perielinal divisions in 
T-2. In later stages (fig. 10) the corpus extends as a (8)T‘e into tlie base of 
the priinordium. The extent to which the corpus contributes to tlie tissuc^s ol‘ 
the leaf Avas not determined precisely, but the results of studies by doliusou 
(1941) indicate that much of the foliar vascular tissue, at least that in tluA 
proximal regions, is derived from this groAvth zone. In F. minor dei‘ivativ(‘s 
of the corpus are not involved in foliar initiation, for in this specries tlie foliar 
priinordium is a product entirely of the tunica. The funetion of the third 
layer of the tunica of Y, minor, i.e„ the prodvuh ion of the vasmilar tissiu* of 
the leaf, is performed by the first layer of the ('orpus (however, the thii^t 
layer of meristem) of F. rosea. The primordia grow verticalh’, per|)endi(Uilar 
to the summit of the apical meiustem. Tlie elongated eeWn iu the ('orjius (find 
youngest iiiternode) near the base of tlie young foliar primordium iu figure 
9 represent the initiation of a provascular strand witli which the leaf trmn* 
will be eoiitinuous. Similar provascular tissue may be seen in the HeiMmd 
internode below, separated from that above by a single nodal (^ell marked X. 
As slioAvn in figure 10 these tAvo provascular strands become eruitiuiious ; and 
at the upper limit of the strand a pericliiially dividing cell, associated Avitli 
the vertical differentiation of the provascular tissue into the leaf base, is 
evident. Thus the leaf trace of F. rosea apparently differentiates only in an 
aeropetal direction, rather than both acropetally and basipetally, as described 
commonly for angiospermous genera. 

THE SHOOT APEX OP TETRAPLGID PLANTS 

111 all basic stnietural features the apices of the shoots a,rt^ 

practleally identical Avith those of the related diploid sti*ain. A twodayered 
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trill i(*a <ai{)|)in.<>‘ a, (central corpus is easily deinoustrated (fi^'s. 22, 24). Tlie 
|}elia^'ior of the tiiiiiiai and eorjius diirinj** the course of a piastocliroii, and 
the celliilar ('oiitril)iitions of these g’rowth zones diiriiij^* the initiation of 
halves, nodal and int('i*noda,l portions, provascvilar tissue, pitli, (arrtex, and 
epidermis an^ the same as desc-rihed for the diploid variety; therefore, a 
si‘coiul <l(‘S(‘ription will not he necessary. 

l!o\\’e\'m\ it is a|)j)arent from a comparison of fijL;‘ures 11 and 14 tliat tlie 
tetraploid afiiiais are (‘onsiderahly more massive than those of diploid shoots. 
Fijjrnres 21 and 22, prepared from diploid and tetraploid apices respectively, 
sliow that tliis is true not only of tlie apical meristem, but of tlie foliar pri- 
mordia as well. The yoini^* tetraploid leaf in dgaire 22 is considerably thicker 
tlian the ciiria'spondinj.** diploid leaf in ti^aire 21, altliongh both leaves are of 
apliroximately the same hei^lit, and both hji’vires have the same inag’nificaition. 

Havas (1987), Eigsti (1938), Levan (1938), and others have reported 
tliat the increased size of a plant organ after treatment with colchicine is a 
result of increased cellular size rather than an invrease in number of cells. 
It is ajipaiamt I'rorn onl\" a, (Visual ('omparison of tetraploid and di|)l()id shoot 
apices (figs. 2L«22, 23-24) that the immeased size of the tetraploid meristem 
and 1‘oiiar iirimordia, is a i‘esult of increased ceilulai* size rather than in- 
(*reased (avllular niimlier. It is further apparent that the lateral dimensions 
of th(‘ tetraploid (iells have been increased more noticeably than the vertical 
dimensions. This is shown strikingly by figures 23 and 24, representing dip- 
loid and tetraploid meristem respeidively, photograplied with identical mag- 
niluaitions. In an effort to determine precisely what effect colchicine has npon 
the form and structure of the cells in the apical meristem of Vinca, a number 
of cai’eful nieasiirenients were made of anticlinal walls, periclinal walls, and 
nuchd in tlie growtli zones of both the diploid and tetraploid varieties. Shoot 
apices in various stages of growtli following foliar initiation were selected 
for measuring, Tlie measurements were, taken only from T-l, .1-2, and (>“l, 
of mv\\ apex, because tliese regions are tlie primaiy centers of growth in tlie 
aph^al meristem. The, average .lengths of tlie, periclinal, and antieliiml walls 
in eaidi layer were determined and tlie results for several apices are reeorded 

in table I, ' ' 

It was ilmnd from measurements made of..a'serie,H of diploid apices, tliat 
th(‘ a,vm*age dimensions of the cells in 'T-^-l, 'T-2, aml'Ol do' not .vary g,reatly, 
'iltvriitg' the 'Course of a plastochron'^ (table 1) . The greatest , variation, oeciirs 
in tin* aid iidinal walls of C-1, as, is shown by a eoniparison of .a'piees .1, 

3 in fable 1. However, this is easily understood because tl.ie .'first' layer .of ,.:the 
(torpus divides pcnmdinally throughout early in the course of a 

plastocdiron, and immediately after this division, before the dei-ivatives have 
enlarged, the verlical dimensions of the cells in the new 0-1 (upper layer 



630 


BULLETIN OF THE TORKEY CLUB 


[VC I.. <hS 


of derivatives) are considerably smaller tlian at otlier stages during tlie 
plastocliron. 



Fig. 21. Shoot apex and foliar primordiurn of diploid plant. FlO. 22. Hhool. apex 
and foliar primordiurn of tetraploid plant. Note that the apical meristem is wid(‘r and not 
appreciably deeper than in the diploid. x221. Fig. 23. Summit of «apica,l mcriKitun t)f 
diploid plant. Pig. 24. Summit of apical meristem of tetraploid plant. Notv that the* c(dlM 
of the tetraploid have greatly increased lateral dimensions but that the vertical dinum- 
mons are approximately the same as those of the diploid, x 1106. 

_ Measurements of the corresponding layers in tetraploid apicc's the 
interesting fact that the anticlinal walls in T-1 and 1-2 are certainly no 
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in vertical diiiieiisions than are those of the diploid ineristem. As a 
matter of llu't, the averag‘e dirnensioiis given in table 1 are somewhat less 
than tfiose of the diploid. However, in C-.'^ttie cells liave sliglitly but defi- 
nitiiy giaNib^r vertii'al dimensions in the tetraploid apices, as shown by niea-' 
sinHunents of the aiiti<tlinal walls. The laieral dimensions of the cells in all 
thre(‘ layiu^s ari‘ (-oihsiderabl}'^ greater in tlie teti-aploid apices, a,s is shown by 
the* a\'eragt‘ dimensions ol* tlie perieiinal walls given in the table. Prom tlie 
figure's here gix'en it wovdd appear tliat treatment with colehicine has in- 
( 0 'easc‘d thi‘ lat(*ra'i dimensions of the cells in T-1 68.1 per cent, those in T-2 
43.6 {)er mmt, and those in (J-l 58,9 per cent. This has resulted in consider- 
ably widemal apiia's, but not noticeably deeper ones~because the vertical 
dimtmsions of the ('onstituent (‘ells have not been greatly altered. 

''Idle umdei in tlie eel Is of both diploid and tetraploid apices oeenpy nearly 
all of the inteimal [lortions of the cells. Twenty-four nuclei from each strain 
wer(‘ imaisii red at random from T-l, T-2, and G-1. The diploid nuclei had 
an a\'(‘rage sijcc' of' 6.7 i\ as compared witli 8.9 p for tlie tetraiihiid— repre- 
simting a. size imerease of nearly 33.3 per cent following treatment with 
(nhdncine. 

Idle fidrapiold plants used in the present investigation have sliorter and 
nioiH* massive stems, thii'ker and greener leaves, and somewhat larger flowers 
tlian tlieii’ diploid anc'estors. In tlie following paragraphs it is shown, how 
all of tli(‘se structural features seen in the mature plants, except those per- 
taining to the flower, are correlated directly with visible differences observed 
ill tlie tiini(‘a. and c^irpus. 

The of eolcdiicine upon the apitail meristem of F. rosea is to increase 
the lateral (limensions of the (^ells to an extent varying roughly from one- 
lialf to two-thirds. This means that the entire apex is broadened in an amount 
ecfuivalent to tlie srim of tbe increased dimensions of the constituent cells, 
A tlii<dc(»r pi;th a,ml a generally 'more massive stem, is the result. The vertical 
dimensions of tlie cells in the apical me.ristem' are not increased, however, and 
t,ln:? mitot:.i(^ '.rate of the tetra,ploid cells is a'pparently somewhat less than tliat, 
of the diploid, tissue. Both of' these latter 'features ' are correlated /with, the 
fmd" tliat the 'i'etnaploid 'stems are 'tliic^ker but not 'longer, and 'often are 
shm‘{m\lhan IhediploicL 

Tlu‘ thi(dnu*, giaamer, leave's of 'the tetraploid pla;,nts 'm correlated 
simihuhy with the imua'ased lateral dime'nsions of the apical ineiisteni,, wheii: 
11n‘ melhod of their initiation is considered. The initial elevation of foliar 
primordium o('(mrs as a 'resnltuif p'ericliiml xlivision in the' .cells of 'T-2,, and 
Ifu'rc'foiu^ the elevation is in a direetio.n;-pe:rpendi(mlar to tfe surface of t'he, 
npi(ad imn*istem. In the tedraploid ■ ^ di.mensions of 'the. cells 

of T- 2 (''.r 1 and ( as well) have been increased markedly, and tlie deriva- 
tives of T-2 whi<'h constitute the internal portions of very young foliar 
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TABLE 1 

Dimmslnns of cells m diploid and tclraploUl 'nicridcnis 

Averngv cliiiieiisioiiH of aiiticliiial, and ja'ru'liiial 
wallrf ill T~l, T-2, and ('-1 


cells 

Dixiloid 1 h2 

DiiJloid 2 ! 12 

Dii)loid 3 ' 14 

Diploid 4 • 20 

Diploid : 

Average i 14.5 

Tetraploid 1 18 

Tetraploid 2 12 

Tetraploid 3 13 

Tetraploid 
Average i 14.3 

i 

Average ! 

percentage 
increase fol- i 
lowing treat- I 
nient with ! 
colchicine | 

primordia aecordingiy liave greater lateral dimensioiLS tliari the eor respond- 
ing cells ill diploid foliar primordia of a comparable height. This results in 
tetraploid foliar primordia with considerably greater radial thickness, a 
feature which perhaps is correlated witli the tliieker and gi*eener luature 
leaves. The possibility of a similar correlation of meristein (diaraiders with 
the somewhat larger tetraploid flowers will be investigated later. 

DISUUSSrON' 

The need for comprebemsive information (^cnicerning the apical rneristein 
ill species of angiosperms is borne out by the fact that tluHa^ ( Vcroiiird, 
and Vinca) of the relatively small nnmber of investigated geiuu'a, 
liave species in wliieli the structure of the shoot apex is not iiiiiiiirm with 
respect to the quantitative relationships of the tunica and c()rpus. 

In F. rndnor three layers constitute the tunica— in F. rosm there are only 
two ; however, as far as the fundamental features of growth in, the two sp(*(‘ies 
are eoncerned, there are no great differences, for in each spe(‘ies derivatives 
of the outer three layers at the shoot apex form the foliar primordia and 
cortical tissues while the stele is a product of the niore internally placed 
meristem. Thus the outer layer of the corpus makes eAseTitially the sanu* 


T-l 


'r-2 



(L,:i 


Ant. 

Per. No. 

Aat- 

PcM*. 

No. 

Ant. 

Vow 

walls 

Avails cells 

walls 

walls 

cells 



Avails 

walls 

9.1 

4.5 11 

9.5 

5.5 

1 1 

8.3 

5.5 

8.0 

4.4 : 12 

9.2 

4.5 

12 

6.3 

5,(1 

8.3 

5.0 15 

8.9 

5.1 

13 

8.0 

5.5 

8.6 

4.9 19 

8.7 

6.9 

18 

6.5 

6.3 

8.5 

4.7 14.3 

9.0 

5.5 

13.5 

7.3 

5.6 

8.2 

7.4 ! 10 

8.1 

8.3 

13 

8.8 

9.6 

7.9 

7.1 ' 11 

9.0 

i 7.5 

12 

7.4 

7,3 

8.5 

9.3 11 

9.5 

8.1 

13 

1 7.8, 

9.7 

8.2 

7.9 : 12.7 

8.9 

7.9 

12.7 

8.0 

8.9 

-3.5% 

68.1% : 

1 

-1.1% 

43.6% 


! 

! 9.6% 

! 

58.9%, 


Slioot apex 
]iuniber 



lihil I 


AND JOHNSON: SHOOT APICES OF VINCA 


633 


{*o,ntiMl)u;tious in the shoot of V, rosea ‘as are made by tlie third layer 
of tlie t imi<^a in Y. minor. 

Sehmidt (1!)24) luis emphasijied that the relative e<)titributioiis of the 
tiiiiiea and eor|)ns to leaf or bvid initiation are dependent npoii tlie (|uaiiti- 
tati\o* rehit ionsiu|)s of thes(^ j»‘rowth zones at, tlie shoot apex. Sehinidt’s eoii” 
eltisioii is siij){>ort(‘d liy tlie results of the present investig'ation, for (tea,rly 
tlH‘ (‘xtimt to whitdi eaiti of the j»M*owth zones eontribiites to the leaf and 
shoot axis in tlie j^’enus Vinca is dependent upon their quantitative relatioii- 
sfu|)s in the apieal meristeni of eacli speeies, i.e., ripon the nviniber of layers 
in tlie tunii'a of eaidi speeies. It would seem that tlie vairiations in (piantita" 
live relationsliips of the tnni(‘,a and corpus that occur so (iommonly in tlie 
slioot a])i(Hxs of an^‘ios])erius may be of phylogenetic significanee mainly with 
resjXMot to ])roblenis of speciation. Frinn a practical point of view they may 
lirove to be of considerable significance in understanding problems associated 
with the origin of new varieties of plants, particularly tlie induction of new 
vai'ieties liy treatment with (tolcliiinne and other drugs. 

In contrast to the [irocednre (commonly described for seed plants, the leaf 
trin^es of In rosea are differentiated airropetally into the foliar primordia 
and iVom the beginning are in continuity with provasimlar tissue previously 
formed in the two inteniodes and intervening internode immediately below. 
A similar m'ro|)eta] differentiation has been described for the phyllode traces 
of A.eaela. (Boke 1940) and for the leaf traces of Seqiioia (Crafts 1940). 
hlroin an exaniination of a large number of genera of vascular plants, Wet- 
rnore** has (Mnudiided that strictly acropetal differentiation of leaf traces may 
be much more prevalent than has been suspected heretofore, and doubtless 
tlie subject should receive additiouai investigation. In this conuection it is 
interesting to recall that Gregoire (1938) stressed the acropetal differentia- 
tion of |)ro vascular traces into floral parts, and used this feature in support 
of hi,s idea, tliat floral fiarts and foliage leaves are not homologous structures. 

It is generally known tliat chromosomal number and cellular size may 
be hu^mmed by treatment with (colchicine. The shoot apices of the induced 
tetraploid strain of V. rosea provide evidence that colchictine may also in- 
flnmice' tl'ie shape or form of the (^ells in tiTated meristem and thereby affect 
th(* form of the adult plant Bimilar fcirmative effeid^ were not report(‘d for 
th(» api(uil ineristem in tetraploid plants of '.Datum (Satina, Blakc^shax and 
Avery 1940), and it is .clear ■ that .■additional inveBtigatioiis are, necessary 
b(‘for(* (*an. hope to .'nnclerstand the actio.i:,i. and appreciate thefpossibilitic^s 
()f Ihtml rug '.in plant breeding. ■' ■'*', 

■SUMMARY., 

Th(^ shoot apex of F. is described a^n^^ with that of 

F. miliar (Schmidt 1924), 

Privu1(‘ witli Ralpli H, Wotaior©, Ilarwird 
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Tlie siioot apex of Y. rosea consists of a two-layered tunica atid a central 
corpus, in contrast with that of V. minor for wiiich a tlirec"la\an‘e(} tnnicai 
has been described. Witli the exception of the outer layer of the imuoii wlnbdi 
produces the epidermis, the growth zones do not iiiake prei^ise (ont ri In rt ions 
to the shoot axis, and tlierefore Hanstein\s histogen-theoi*)' is not a|>plical)hr 
to T'h rosea. 

Although the quantitative relationships of the tunica and (orfius dilfiu' 
in the two species, the general features of growth at the slioot a|)ic(rs are 
similar, for in each species the outer three layers of the apic^a! nieihstein make 
essentially the same contributions to the foliar priniordia and shool axis. 
Thus the functions of the tunica and corpus are correlated with their <|nan- 
titative relationships. 

The leaf traces differentiate acropetally into the bases of foiiai* pri- 
mordia, rather than both acropetally and basipetally as is ('omiuoidy 
reported for angiosperms. 

The shoot apices of a colchicine-induced tetra])loid stiaiin of T. rosea 
are similar to those of the diploid parent in the quantital iv(‘ rela1ions}nj)s 
of the tunica and corpus. The apical nieristem of tlie tetrafdoid |)lants is 
considerably wider than that of the related diploids, but tlie vertii'al dimen- 
sions are approximately the same. The increased widtli of tlu* t(‘tra|)loid 
apices is a result of increased lateral dimensions of the cells in tlu^ ajdtml 
meristem. Cellular measurements indicate that treatment witli colchii^ine as 
an average increases the lateral dimensions of the cells in T-1 aliout 68 |H‘r 
cent, those in T-2 43 per cent, and those in the first hiyer of tlie (mrpus 59 
per cent. Significant differences in the vertical dimensions of (udis of diploid 
and tetraploid nieristems were not noted. The nuclei in tetraploid nuu’istcm 
are, as an average, approximately one-third larger than thost^ of the diploid, 

It is emphasized that colchicine affects the shape, as well as the size and 
chromosomal number, of the cells in the apicud meristem oi‘ 'Y rosea. Visilile 
changes in the meristem following treatment with (Hilclncine are (correlated 
with changes in the form of the adult plant. 

Department op Botany, University op Oklahom a 
Norman, Oklahoma 
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STUDIES ON AMERICAN HEPATICAE— III VEGETATIVE 
reproduction IN BRYOPTERIS FRUTICULOSA 


Margaret Pulpord 


(with thirteen figures) 


Plants of Bryopteris friitieidosa Taylor collected at Punta (loiala, Brit- 
isli Honduras, in November, 1932, exhibit an interesting' exampb? of vege- 
tative reproduction by means of miniature shoots. These young shoots may 
be considered of two sorts depending on their place of oi*igin on the ]>]ant, 
although they do not differ in their structure. The one sort oi'igitiates i'rom 
individual cells of the leaf and will be designated as Jeaf-cladiad These are 
identical with the ^^Brutsprosschen'’ of Degenkolbe (2) and otiuvr authors. 
The other sort, the stem-eladia, originates on the stem and o(M-iii)i(‘s the* sanu‘ 
position on the stem as the sexual branches. These l)elong to the (/at<‘gory 
^^Brutaste.” 

The leaf-cladia usually arise on the dorsal side of tlie ordinaiu', {lersistmd 
leaves, especially after they are badly weathered or eroded.^’ ''riu'v occur 
on any portion of the surface of the leaf and show no pei'i()di(*it>^ in tluvii* 
development, one leaf often bearing shoots of different sizes (see figui'e 1). 
They also occur on the male bracts. 

This type of vegetative reproductive body on persistent leav(\s lias been 
devSeribed in Plagmchila (1) and Bazzania (10). It is also fretjiient in many 
species with caducous leaves, associated with the cadiu'ous leav(*s. Evans 
(6) has described them in several tropical American genera,, and more 
recently Degenkolbe (2) has given a comprehensive^ sunimarv of “Brut- 
sprosselien” in Hepaticae. 

All ordinary leaf cell becomes more elilorophyllose tlian those adjacent 
and divides by means of a wall at right angles to the surface of the Und 
(hg. 2) , and one or both of the newly formed ceells bulge on the ilorsa) so rface 
(ng. 3). Tlieii from one of these new cells one or two <adls aia* mit off by 
transverse walls parallel to the leaf surface, so that a very slmrt filament, is 
termed. All apical cell with three cutting faces develops’from the end cell 
after a ^w cells are cut off through anticlinal divisions, l^he new shoot is 
omed by the activities of this cell. The first cells eut of! have bulging sides 
and can ^sffy be distinguished even after the shoot has Httaiiie(l conshlc^r- 
nf ^ first two leaves are very rudimentary, consisting 

l v each. Each succeeding leaf becomes larger, and on tlie 

^ 01 sixt i leaf rudimentary lobules become evident. These, too, b(‘(*(n)H^ 


^ Cladium (/cXaSiov, dimiimtive of /cXdSo 
aame for the small detachable branches uvhi. 
1 lie word was suggested by Dr. H. W, Biehett, 


a branch or sii|)) iw here proposed oh a 
are effective hi vegidfitJve reproduction. 
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larger on sinR-eediii^' leaves and are well (leveloped on the ninth or tenth 
hnives. 1110 ty|)ieal (nuitiire) leaves of these shootlets liave more oi’ less the 
sasiH^ out tine as the leaves of the parent plant, but they are, ot course, very 
s!iiaii, siiow no evidence of teeth on the niarodns, and have pri)porti(iiiately 



fid. IJ. A <'(‘11 wliit'h ImH uiulorgoiio the initial diviHton in the fcjrniation of the pro|>agiile, 
X .'I7A. 'Fam, 3-t. 'Early Htagen in its developinent, x375, , Fio. 5. An older 'brood, fihoot 
Hhowitig th(! (n,trrie..t leav(^H, X’a75. ' Fkj. 6, Biagranreof {I'.braneh Bhowing tlie' position of 
tlnv nnile braiuilum and the? tufts of brood braiudies just below the leaves. Ficis. 7-11, 
Stages in tin? developnnnit of the brood branch, x.a75. Fio. 12. Basal' portion of an older 
Irrood b'ra.ncjh sbowing„tlie 'ro'unded-,<^ellS’:tnid the attardmicjnf cell, x375. Fig. 13. 'A brood 
braiudi vvitlrwell dt?velop('d leave.s and undeideaves, x9(). 

largtn- lohules. The first nnderleaf usiially arises after the fonnati the 
lifUi leaf and is very rudimentary (see figure 5), triangular, and consists of 
three c(dls. Each sucu-essive one is larger and more comjihdely develofxjd. 
Th(* ma,tin‘e nnderleaf is oblong and emarginat^^ 

Tln‘ sieim(dadia, are miieb more abundantly produced, often hundreds of 
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tliein oecuiTiiig’ on a single stem. They are eliaracteristieally on tlie briiiiehes 
but are not iineominon on the main axis. Tliey ai*e jii'odiuH'd in tufts oF from 
ten to thirty or more just below a leaf, in the position of the sexual brain-lit^s, 
often on tlie same axis with them (see figure 6). 

Tlie sexual hranehes are of the Radnla ty])e, that is, tlie\^ ‘bu'is(‘ in a 
eortieal eell adjacent to the base of a leaf on the basiscoj)i{' side ami in thi' 
ventral portion of the segment” (8) and each has a wen-d(nT‘lo])ed slnnith 
at its base. The tufts of steni-elaclia arise in, a similar position l)ut do not 
develop siieh. sheatlis. 

The individual branchlets of the tuft originate in discolike areas of cor- 
tical cells just below the leaves. A transverse section of the stern sliows a, 
medulla fifteen or more cells in diameter, srirrounded by a cortcxx of one 
layer of cells more or less rectangular in outline, not indike tlie stiMud:ui*e 
of tlie stem of B. fUicina described by Evans (9), Tlie inner cells of the 
medulla have relatively thin walls and are little pigmented, but the cells 
of the outer two or three rows, tliose nearest the cortex, liave ve!*.\' thick 
walls and are deeply pigmented an orange-brown color. Tlie cortical c'clls 
are larger, with thinner walls, and are a little less pigmented tlian tlie adja- 
cent medullary cells. The cortical cells which give rise to th(‘ [U'opagula ai‘(‘ 
somewhat larger than those adjacent to them and do not liave the tyiiicud 
deep, orange-brown color. In addition, the adjacent row's of cells ol' the 
medulla have thin walls and lack the usual pigmentation. 

In the formation of the stem-cladia a cortical cell of the sort just de- 
scribed becomes packed wdth material and divides by means of a w^all at 
right angles to the surface. The new cells bulge out and eacli one through a 
wall parallel to the periphery of the stem becomes twx.) cells. The outer mdl, 
by a series of divisions at right angles to the stem axis forms a mass of cells, 
Bach one of the cells thus formed is capable of producing a new slioothd. 
through the formation of a few-celled filament, whic^h in turn |)i*oduct>s tht‘ 
apical eell of the new shoot, after the manner desi^ribed for thv devclo|)meut. 
of the leaf-cladia from cells of the leaves (see figures 7--10). As iri tlic latter, 
the early cells cut off are rounded in outline and irregidarly arranged; tlie 
early leaves are rudimentary, consisting, for the most part, of only three or 
five cells; the well developed lobules appear on the ninth or tentli leaves; 
and the underleaves are at first very rndimentary, but successive ones 
become narrowly ovate, and finally oblong and emarginate (fig. 13). Tlie 
branchlets often become more than 1.5 cm. in length while yet attaclied to 
the stem. The point of attachment is a single eell (see figures 5, 10-12) and 
the branchlets are easily separated by a slight movement. The break is 
schizolytie. Although there was no evidence in the material examined that 
these braiiehlets grow into normal plants, without doubt propagation by 
this method frequently occurs. 



i,lM S i 


F"Uli^X)RD : VEC-UCTATIVE REPRODUCTION IN BRYOP-'PEBIS 


639 


Tfiese steiii-elatlia are iiUK*h less lii^lily specialized tliaii tliose desci‘ibed 
!)>' Evans (3, 4, 5) tor Le})tolejeu}ie(i, Drepanolejennea ami Odontolejeunea, 
since tfie\- do not arise sin^iy, possess sheatlis, or develop tlie radii'eliiferons 
dis('s roinnl in 11ios(‘ yen, era. Deyeukolbe (2) lias discussed tlie (ievelopinent 
of “llrutiiste'’ in liis sunrniary of tlie brood organs In liepatics. Similar 
shmder iiliforni bram6ies bave also been noted in B, tcfniicaulis Tayl. (7). 

In addition to the above mentioned material from liritisli Hiniduiais in 
tin* IVlissouri llotanical Oaialen, plants with similar stem-(*ladia liave been 
col halt ed at M i radoiy Mexita), by F. Miiller; the east Coast of Giiatemala, 
b>’ Sereno Watson no. 5(S(* ; ami in Bolivia by W^hite (Miilford Exp. x\inazo:n 
Basin no. 2133a) and are in the colletdions of the Nev^ York Botanical 
(larden. 

t^hc* writer wislies to express her appre(dation to Dr. A. W. Evans for 
Iris helpful (vrlticism. 

llNlV,ERSrrY OP CINCIN.NATI 

Cincinnati, Ohio 
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NORTH AMERICAN RANUNCULI— III' 

Lyman Benson 

The first article in tills series of five (Boil. 'Torrcy Club 68: :ir)7-:i72. 
Mardu 1941) includes a key to the species of the se(dion Clinfsaiiihe of the 
siibg'eiius E iiraiiwn(yHlus and discussion of the first seven sp(‘des. Idle other 
eleven species of the section are discussed in the second artiide (BiiiL l\)rr(\\' 
Club 68: 477-490. October, 1941). This article deals with the seidions 
EchineUa and Epirotes. The delimitation of sub^’cnera and seidions was 
published in a paper entitled ^‘The North American Subdivisions of Utiniui- 
eiilus^^ (Am. Jour. Bot. 27: 799-807. 1940). 

SECT. 2. ECHINELIiA DC. 

KEY TO THE SPECIES 

x^chenes with spines on the faces or margins. 

Alature aehenes 5-7 lum. long, the spines straight ; petals at least 4 nun. 
long. 

Aehenes with the luargins produced into long spines; nectniy s('Mle 
not forming a pocket, broader than the adjacent part of the 

petal K. arvrnsis, 

Aehenes without spines on the margins, the faces spiny ; nectary Siatle 
forming a pocket, niucdi narrower than the adjacent |)art of the 
petal 21. E. 

Mature aehenes 1-2 mm. long, the papillae on the faces produced into 

hooked spines ; petals 1-2 mm. long 22, E. parvdfiorus, 

Adienes with no spines but the faces papillate, 1-2 mm. long. 

Petals 1-2 nun. long; papillae of the aehenes produced into hooked hairs; 

sepals not reflexed 2:5. E. hehimrpi(.s. 

Petals 8-9 mm. long; papillae of the aehenes not produced into hairs; 

sepals reflexed 24, E. .sardom, 

20. Banitnculijs arvensis L. Sp. PI. 555. 1753. 

Waste ground and ballast; European weed; naturalized in North Amer- 
ica; Yamhill and Marion Counties, Oregon; ‘‘Boiitheru ” Oregon; Potter 
Valley, Mendocino County and Ml.. Bullion, Mariposa (kninty, (hilifor'iua ; 
(jrangeville, Idalio; Smithfield and Newton, Utah; metropolitan New York 
and New Jersey; Wasliington, D. C. Snnimer. 

Type' collection : ^^Hahitat in Biiropae agrisJ^ 

,21. Ranunculus muricatus L. S. PL 555. 1753. 11 echinaMis 'Vimf. 
Jard. Cels. 73. 1800 (An. VIII of the French Revolution). R. niMriciEns 
var. DC. Prodr. 1: 42. 1824. 

lEeferences in the first article of this series to Abrams' Illustrated Fora of the 
Pacifle States 2: 1940 are erroneous, since that work did not appear at the tinn* sclu'duhHi 
late in 1940. The two new combinations, Eanunculus canus Benth. var. laetm ((O-emuy ,L, 
Benson and E. euniLv var. (Greene) L. Benson, should be conai(ku-(ul us ]iub' 

lished in the Bulletin of the Torrey Botanical Club 68: 170 and 171. 1941, iusic'ad of in 
Abrams’ Flora, 



J l> ! 1 I 


BENSON : EANUNCULUS 


641 


iVleadows, streaiii ajid lake borders, aiul vernal ri^ailets at Io^^' elevations; 
EiU‘o})(^; naturalized in North, Ameriea; Seattle, Wasliino'ton ; Newport, 
Ik.ni', Orford and. Myrtle (IreNv, <.)reg‘on; Del Norte, Ijake, and Botte (Joun- 
ti<‘s to San Mateo, (Jontiai (Josta, and Stanislans Counties, California ; Arkan- 
sas; (k)astal i^lain from Texas to Sootli Carolina. April and May. 

I'ypv vnllrcf ions : (T) R, in Enropae (insfralis fossis 

d' hnnivnl ihus.^^ (2) R. ecliinafus, ‘‘ Environs de Cliarles-town.” Ciiarleston, 
South Carolina. (3) Var. caroManus, “Carolina and Virj;>‘inia.’’ 

22. liAN'iTNOMLtis PARviELoiUTs L. Sp. PL cd. 2. 1: 780. 1762. B. trachy- 
spvrmns Ell. Sketeli. 2 : 65. 1816. R. pariylfioriis var. diwid/'af/os* Krause, 
Ik^ili. Bot. Cent. 32 (2) : 330. 1914. 

Waste ground ; Europe ; naturalized in Nortli America ; Humboldt 
(lounty, (lalifornia; Eastern Arkansas and Houston, Texas, to Lexington, 
KentiU'ky, Virj^inia., nortliern Georgia and extreme northwestern, Florida; 
IkHdoskilL New Yoi’k; Bermuda and St. David Islands, Beriuuda; at 1,100 
met(*rs ele\'ation in flaimuh'a. Summer. 

Type collvclions: (1) R. ^‘JlabUat in Enropae (tusiraluT^ 

(2) A. Iraeliyspmiius, “ColleMed in St. JolnCs Berkley, by Dr. Maiibride.” 
Ndair Savaiinali, Georgia. (3) Var. dimidiaiiis^ Krause “No. 5567. Bei Vir- 
ginia Beach am 13 Mai.” Virginia, 1890. 

23. Ranunciulus mebecarptis Hook. & Arn. R. parvijlorjts Ij. var. Torr, 
& Gray, FI. N. Am. 1: 25. 1838. R. hebecarpus Hook & Am. Bot. Ileecli. 
Voy 316. 1840. R. heheearpus var. puMllus Brew. & Wats. Bot, Calif. 1: 9, 
1870. 

Sliade of trees at 100-1,000 or 1,300 meters elevation.; Latah County, 
Idaho; Wawawai, Washington; Columbia Kiver Gorge; occasional in south- 
western Oregon; Siskiyou and Modoc Counties and the whole foothill region 
of cisniontaJK* California, except the seaward Nortli Coast Ranges; Santa 
Catalina Island; northern Baja California and Guadalonpe Island. Pri- 
nnu‘ily «)ak wo()(llaiuL Maridi to Ma 

Tyiic (nnlevlioHs: (1) Unnamed variety, Torr. & Gray, “California, 
Douglas !” .(2) /A heheearpus, “ (lalif(>r.tnii“Suppl6nien,t. Where, aiot other- 
wise mentioned, it is to be understood that the following species are from the 
(*olhad:io:n of M.i% 'Douglas. They were presented by the ILirticultural, Society 
of Ijondon, in whose servi(!e M,r. Douglas was at tlie time he gathe:red them. “ 

(3) Var. pusillus. No type given. lt'a.nd the typical sptaries were reported 
from the “coast-ranges a,nd foot-hi'lls of the Sierra. Nevada.” Nc.) plants; of 
Raw^mrudns, hebecarpus warrant segregation as a variety, 

24. Eanuncii'JUis sardous Crantz, Stirp. Austr, Ed. 1. fasc. 2. 84. '1763, 

R, parvulus L. .M"a:nt. PL 79, 1767. ' ■ ' . . 

'W'astcU places ; Birrope; naturalized mostly about sc^a ports in ' "North 
America ; .Coliimbia ,'River at Portland, Oregon,; 'Fortuiia, Hundioldt C-ounty, 
California; St. Ijouis; ' .'New .'York; 'Philadelphia.; No’rfolk and Midierrin 
River, Virginia,; “Eastern” North Carolina; Savannah and Tyhec^ Island, 
Georgia. M,.ay to July, ' 
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SECT. 3. EPIROTES (prANTL) L. BENSON 
KEY TO THE SPECIES 

Roots not distinctly tuberous, if slightly fusiform-tuberous, the tbickcuied 
portion not truncate, 0,5-2 or rarely 2.5 iuiu. in diarm-ter ; petals usu- 
ally ol)oyate or cuiieate, rarely 2-3 times as long fis broad.. 

Horizontal rootstocks not present. 

Fruiting receptacde and head of acheues eylindrical or oroid; acheries 
not stipitate or winged at the bases. 

Steins 5 or more cm. long at fruiting time (measurement to the 
base of the highest pedicel). 

Sepals not densely covered dorsally with reddish -l)r()\yn luiir. 

Nectary scale eiliate (e.xeept rarely in li. (insonicus), the 
adjacent petal surface sometimes hairy also ; achenes 
pubescent. 

Stems scapose, rarely branching near the bases; nectary 
scale rectangular oi‘ nearly so; acliene beak 
straight. 

Each scape 4- or usually 8~12-ilowered, ; di'ad leaf 
bases represented by niunei'ous brown lilxrrs; 
margin of the nectary scale free along the 
distal third; petals 2-3 times as long as broad, 
not emargiuate; fruiting rece|>tacle cylindri- 
cal, slender 29. U, aiisoniciis. 

Each scape 1-3- or 4-llowered; dead lerrf liases not 
markedly fibrous; margins of tlie nectary 
scale adnate to the petal for almost their en- 
tire leiigtli; petals nearly as liroad as long, 
sometimes emargiuate ; f niiting receptacle 
ovoid or ovoid-cylindrical, stout ... 3()a. M. (muUophiilh var. 

Stems not scapose, branching near the liasim; nectary 

scale obdeltoid; acheiie lieak recurved 30. JL curd/o/d/y/bov. 

Nectary scale and petal glabrous. 

Margins of the nectary scale prolonge‘d into 2 flaps jit- 
tached most of their length to tlie blade of tbe 
petal, each tlap 4-5 mm. long I)y 0.(> mm. bi'oad ; 
leaves dissected; plant practically glabi'oiis. 

31. M. 

Margins of the nectary si-ale not prolonged for more 
tliaii 1 mm. 

Fruiting receptacle 2*’4 mm. long, 1-3 mm, in diam- 
eter; stems usually profusely Irranclied and 
8~25- or OO-flowered; achenes glabrous. (M. 
armmieufi is allied to this group of Hpecies as 
well as to M. carduyphylhifi ) 

Petals shorter than the sepals. 

Achene beaks 0,l-0.3 or rarely 0.4 mm. long; 
petals two-thirds to five-sixths the 
length of the sepals; nectary scale 
laterally attached for its full length. 

Herbage glabrous or nearly so; receptacle 
villous or rarely glabrous; leaves 
reniform, usually distmctly imr- 
. -(.date; nectary , scuile ■ nokdie^^ -(or ( ' ' 

truncate?) at the apex; head of 
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aelioiies ovoid; Jiclieno beak 0.1-0.2 
nun. long; ))raets of 3 ov 5 narrow 
divisions, these In-oadest at the 
middles; roots tiliforni, ra;rely 

tbiekened 25, Ah afxyrtivus, 

ITer)>ag*e villons; reee|.)ta(:de glahroiis 
(rarely villous) ; leaves ]>roxiinaltv 
tnnuaite or almost Jittenuate; iiee- 
ta,iy scale truncate at the apex ; 
head of aclieiies cylindrical or ovoid- 
cylindrical ; acliene beak 0.2”0.3 
mm. long ; l)racts of 3-5 linear" 
oblanceolate divisions; some of the 
roots somcwliat fusiforni-tlii('keiied 
and some tiliform on each plant. 

20. E. 

Acdiene l;)ea.ks O.h-l nirn. long, cin-ved or ;r(‘- 
curved; petals 1-1.5 nun, long, one- 
third to oiie-lmlf the lengfh of the 
sepals, l)roadly elliptic; lUHdary scale 
free laterally for half its length; 
bracts with 5 nearly linear lobes; roots 
all filiform; leaves renifonn 27. E. 

Petals longer than the Ke])als; achene beaks 0.4- 
0.(> mm. long, straight ; petals 6-8 nun. 
long, twice the lengtli of the s(‘])als; nec- 
tai-y scale attaclied laterally through its 
whole length, truncate; lu’ucts with 3 ob- 
lanceolate divisions; some of the roots 
fusiform and 1.5~2.5 mm. in diameter; 
leaves renlform, the lobes relatively few. 

28. E. Ilarveyi. 

Pruiting receptacle 4”1() (or rarely only 3) nun, 
long, usually 3-9 mm. in diameter ; stems spar- 
ingly branched, each hearing .1-3 or sometimes 
7-9 or rarely 11 flowers. 

Seftals and usually the j)edie<ds densely tomentose. 


Petals twice as long as the sepals 32. E. pedaUfidus. 

Petals scarcely longer than the sepals ., 33. Ah SabiniL 


Bepals and ptHlicels glabrous or thinly pilose. 

Achen(*s ohovate. 

Kndical leaf blades ovate to orbicular, not 
l:>roader than long; achene beak 
0.8-0 .9 nun. long; stems 3-7- or 
rarely 11 -flowered; achencs 50-100 
ina. liead 7-17 mm. long., 34. Ih inamoenu^, 

Eadical loaf blades renlform cu’ semicircu- 
lar, broader than long ; achene l)ea.k 
about 0.3 mm. longL* 8tem.s 1-3 
cnavd; acdumes 20-45 in a head 4-6.5 

; mm. long 35. E. AUenii, 

A (dienes almost oblong. 

Petals, wlien fully expanded, 3-5 inm. long, 
the /sepals the same '.length;, achene/' 

,■ beaks T0cwved,l).5' mm,:'long;; basal 
' : , leaves proximally ' cordate '.36, ' M,' mfemfiAuM,. 
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Petals, wliCH fully exj:)aiule(l, at least ()!l 
per cent longer than tlie sepals, 

8-18 (rarely 5) urm. louf>’; aeluMie 
beaks stiaiig^ht, 1 inm. long’; h’aves 
tniueate or rouiukMl at tlu^ l)asei. 

The 3 primary (liviskms of the !>asal 
leaves oiieaelo 1 ) 0(1 or eutin^; 
liead of aehem^s eyliii(lri(ail or 

ovoid-cyliiulrical M7. IL Ks(>J),s(‘Jtol frjil. 

The 3 primary divisions of the Basal 
leaves again tvvice-dividt'd into 
linear divisions; head of ac'heiies 
ovoid. (8iee also the varieties 
Suhs(lorfii and /r/'.sv'e/a.s of JL 

JSscJiM'holhii) 38. }!. (iihoieiis. 

Sepals densely covered dorsally witli eons{>icuous reddisihhroivn 
Iiair. 

Badical leaf blades reniforin to cordafe, semicircular, or 
nearly orbicular, palmately loix^d or |>arted; } totals 
oltovate. 

'Eeceptaele glabrous; achene body about 1.5 nun. long ... 31). IL nirnli:<. 
Eeeeptacle brown -hispid ; achene l)ody occasionally 1.5, 

but ordinarily 1.8-2 mm. long 40. fi. fdnirnis. 

Eadical leaf blades very narrowly (dliptic, sliallowly tootluHl 
at the apices; petals cuneate; receptack' glabrous. 

41. Maeaiil<\ifL 

Stems not more tlian 5 cm. long at fruiting time (measurement to 
the base of tlie liighest pedicel). 

Petals twice as long as the sepals, 5 mm. long by 4 mni. broad ... 42, (h'dfd. 
Petals the same length as the sepals, 1.5-3.5 mm. long by 1-2.8 

inm. broad 43. if. piifnnaeus, 

Pruiting receptacle and head of aehenea spherical or globose; a (dunums 

each with a broad thin stipe or winged Itase, excejtt in if. 

pygmaeus. 

Stems not more than 4 cm. long at fruiting time (numsurement to 

the base of the highest pedicel) 43. /f. pyptmK iiH, 

Stems 5 cm. long or longer. 

Herbage pilose; ])etals obovate-spatuhite, tln^ nectary HiaaleH 

glabrous; achene beaks 0,3 mm. long 44, if, riorjiihalihitH, 

Herbage glal)roiis; ])etals ol)ovate, tlu^ nectary scak‘s usmtlly 

distally ciliale; achene beaks 0.0 mm, long 45. /f. pluifrrrimt/x. 

Horizontal rootstocks produced about 4 cm. btdow the surface of the soil; 

flowering stems scapoae ; head of achcnites Innnispherical 40. if. iwriindiahiH, 

Eo.ots distiiietly and conspicuonsly tuberous, tlie tidiers truncate* distally, 3- 5 

(rarely only 2) mm. in diameter; petals broadly (iblanceolate ’ 47. if, Jovls, 

25. Ranunculus aboetivus L. Sp. PL 551. 1753. E. nilidus Walt. PL 
Carol. 159. 1788. B. ruderaUn Qreeue, Am. Midi. Nat. 3: 334. 1914. R. 
Holmei Greene, Am. Midi, Nat. 3; 334. 1914. R. m(V7iuytt7;r:/i.s'A Pfirwittl, 
Kept. Mich. Acad. Sei. 17 : 169. 1916. R. abortivus var, iy pirns 'Fern. 
Rhodora 40; 417. 1938. R. abortivus var. acrolmius Peni, Rhodora 40: 
418. pi. 519. f. 1-2. 1938. 

Radical leaves simple or rarely some trifoliol ate, reiiitorm, 1-5 c,m. I(m«', 
1-6 cm. broad, crenulate or crenate, some 3-lob(M. -parted, or -divided, iielL 
ole.s 4-11 cm. long, stipiilar leaf bases scarious, 1-2 cm. long; caiiliiK' leus-es 
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alternate, the lirai-ts deeply ouee- or twiee-parted to form 3 or 5 elliptie lobes, 
s(\ssil(‘; r(‘(‘epta(de fi!sif()r]ii~(‘ylirulrieal, about 2 mm. long’ in flower and 2~4 
mm. lon^' iti fruit, sparsely villous. 

Moist ^■}‘ouiul ill woodland at low elevations; Jiineau, Alaska, and 
IJriti.sli (dlnfrilna to Labrador, southern (Jolorado, eastern Texas and Cliat- 
tarlioo(di(‘e, Florida. Northern eoniferous, western pine, Nortliea, stern pine 
and hal'd wood and Southeastern pine, and river bottom forests. Martdi to 
duiu‘, dependiujLi' upon loeality. 

lypr collections: (1) R. ahortivus, II Virginia, Canada.’^ (2) 

h\ nUfdiis. (hirolina. (8) R. riideralis, ‘fFirst ob^se^ved by me as growing on 
a raJlwa.>^ eniliaukinent near Linden station of the Baltimore & Ohio Rail- 
way, within tile State of Marvland, but not far outside the District of Co- 
lumbia, tills in May, 1912.” Type, HOr. 13022-3, (4) R, Eolmei, com- 
mon [)lant of low woodland borders and open thickets, in rieli alluvial soil 
along the Ihitomac River & its tributaries in Maryland & Virginia.” Tlie 
following speidmen is designated as a lec^totype: Thicket near canal, below 
High Island, Maryland, (rreene, Apr. 23, 1912, HGr, 13027, (5) E. niichi- 
ffoncnsis, 'bSwaui]) lands near Rocliester, Michigan, Farw^ell, No. 3627, May 
17, 1914.” (6) Var. acrolasius, ‘^Hhelburne N. H., May 17, 1910, Deane 
{TYi»E in ILnl), N.B. Hot. Cl.). ...” Tliis is a iiorthern and Rocky Moun- 
lain form with tlie younger portions of the plant (stems, cauline leaves, and 
{)edi(uds) juibesi'ent. 

25 A. IlANiTNCirLus ABOiiTivus var. eucy(UjUs Fern. Rliodora 1: 52. 1899. 
M. abfirHvus f. giijanteus Cates, Trans. Kans. Acad. Sci. 33; 28. 1930. 

Steins elongated, slender and flexuous; radical leaf blades deeply cordate 
with a narrow basal sinus; 3.f)-4.5 cm. long (on the axis), 4.5*-6 exn. broad, 
tlie blade as a wiiole practically (dreular; cauline leaves like the typical 
spec'ies; fruiting receptacle slender. 

Ilieh woods ; Quebec to Newfoundlaiid and south to New York and New 
England ; Yates Center, Kansas, and Hope, Arkansas. Northern coniferous 
ami Nortlieastern pine and hanlwood forests. Early summer. 

Sfiec^imens from Devil’s Lake, North Dakota (Lwmll, July 1, 1905, NY,) 
and from Vermont {(Uirey, NY,) have similar leaves but not the slender and 
fiexuons .stems, 

TypenndlecUom: (1) Var. (nicyclns, First collected by M^iss Kate Fur- 
bish at East Livermore, Jut,i,e, 1888.” Maine. (2) 'F.^gigamiens'^ *'‘The typC' 
spci^lmmi, 50 cmi. higfi, collected Jim6'5, 1928, -three miles southeast of Yates 
(hmt.er, Kansas, d(^[)osited in the herbarium of the Kansas Btate Agrienltural 
(h>lh‘ge, Manliattan, Kansas, by Mrs. C. B. Rogers” (.(),' B. Rogers on the 
}ab(d). Ttuwspecimen was kindly loaiied to the ITniversity of Arizona by Dr. 
F. C. Cat(»s. The fruiting receptacle is. of a ■ nea,rly ' filiform, type, rarely 
eijualled in narrowness in the typical species or the var. eitci/cte, the 
nuiicmJ leo ves are 4.5-6 (un. long (on the axis), or 8-9 (un. if the basal lobes 
ar<‘ imduded. The basal sinus is about 3 cm, deep. The flowers are unknown. 
This form is truly remarkable for its size, but it is d(‘ficient iii tecimicai 
(hiaraeters to ilifferentiate it as a variety. 
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25 B. Ranunculus abortivus var. indivisus Peru. Rlioi'loi'a 40: 418. PI, 
618. 1938. 

Herbag’e a darker jiTeeii than in. the typical speci(^s; steins like !iu‘ 1y])ical 
species; radical leaf blades shaped like those of the ty})ic,al sfiecies, bid the 
teeth very shallow; bracts ciineate, obovate, apicnilly s!iMllo\vly-l(4a‘d or 
-toothed. 

Alluvial Avoods of bottoin-laiul ; Nottaway River Valley, Sonthhaiupton 
Coiuity, Sontheasterii Virginia. River Bottom hkrrest. A|)riL 

Type collect i(yn: Three Creek, Drewryville, A|)ril 9, 1938, Pcnufld d; 
Long, No. 7829 (type in Gray Herb., isotype in .Ilerb. Idiil. Ax-ad.). . . 

26. Ranunculus micranthus Nutt, ex Torr. and dray, PI. N. Am. 1: 
18. 1838. B. cleUtesceMs Greene, Am. Midi. Nat. 3: 333. 1914. B. eyni- 
halistes Greene, Am. Alidl. Nat. 3: 333. 1914. B. micranthuH var. dcliicsecns 
Pern. Riiodora 41; 543. 1939. B. micranthus; xi\r. cijmh(d isles Pern. Rlio- 
dora41: 543. 1939. 

Loav elevations; Boiith Dakota to Arkansas and tlieiuH^ to southern Illi- 
nois, southern Indiana, and Kentucky; Massaclvusetts to tlu‘ Distiuxd, of 
Columbia. April or May. 

Type coUeciions: (1) B. niicranthm, 'Murgins of {louds throiighoid. 
the upper & western part of Missouri, likewise in Arkansas, e()lle<ded bv 
Dr. Pitcher d N nit all! The Pitcher specimen in the New York Botanical 
Garden is designated as a lectotype. It was collected at Pt. Gra;tiot (!), 
(2) B. delitescens. ^dfuttenberg, New Jersey, 12 Mav, 1895, bv William Vati 
Sickle. . . . Harper’s Ferry, W. Va., 11 May, 1889, by P. V. Covilla” (3) 
B. cymLalisies, ^^Known only as collected in extreme southern Indiana, 20 
iVpril, 1913, by Air. Charles C. Beam, Avhere it inhabits wooded knolls, Toider 
Pinns Virginiana & Quercus alba, the special locality 2 miles west of New 
Albany.” 


27. Ranunculus allegheniensis Britt. Bull. Torrey Club 22 : 224. 1895. 
Moist Acoodland in Ncav England (uncoinmon and not found in Alaine) 
and in the mountains from Franklin County, Pennsylvania, to Wayn(‘s\'iJI(\ 
North Carolina. Northeastern pine and hardwood forests. May or early 
June. 

^ Type coUeci ion: “Mountains of Virginia & North Carolina. ” Tlie follow* 
ing specimen IS designated as a lectotype. White Top Aloiintain, (})*a\'soM 
County, Virginia, A. L. &E.G. Britton and> A. M... Vail in 1892, N'Y. ' ' 


Harveyi (A. Gray) Britt. Mem. Torrev Club S: 159 
B. ahmiwus L. var. Harveyi K. Gray, Proe. Am. Acacl 21 : 372. 1886 

B. Greene, Brythea, 2: 189. Dee. 1, 1894. E. Earm,i ynv. pikmis 

Benke, Riiodora 30 : 200 , 1928. ^ 

Moist woodland; Southern Missouri and Arkansas ; vicinity of Tusca- 
loosa, Alabama (e.g., Earper 3181, N¥.). Southern hardwood and river bot- 
tom forests. Late April and early May. 

Type coU^tiom: (lyVav Earveyi, “On damp rocks in Arkansas, F. L. 

“The type is from liolla, 

ivio., Api. 18, 1928, H. C. Benke 4575 in Field Museuni.” 
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2!). IIanT'NC'ulus arizonicus LeHiiiion. A, Gray, Proc. Ain. Acad. 21: 
270. ,1886. A. HHdaf KH Greene, Lea.fi. Bot. Obs. & Grit. 1: 211. 1906. 

I)r\' situations at 1,600-2,250 ineters elevation; Greenlee and Santa Cniz 
Goiinties, Arizona., to Santa Rita, New Mexico. Western pine forest (!), 
sout!iW(*st(‘rn (M)nii*erous woodland, and oak woodland. Ploweriiig’ in the 
si!iiHuer rainy season. 

7'///)r colleeiuym: (1) IL arizonicus, ‘‘Ijennnon, in lierb. (Iray. . . . The 
|)lant. sent hy M r. Tjenunon with this name is the same as C. Wrij>ld8s no. 837, 
also f'roni Arizona,, and wlu(Vh was taken for a. form of B. ajjmls in the Botany 
of the Mexican lh>iiMtlaFy.” The Lemmon specimen is the type. It was col- 
lecled in Ru(*ker Valley, Cthirlcaliua Moxmtains, Sept. 28, 1881, Lemmon 58o. 
(2) B, nudatn:^, '‘Bnrro Mountains, at 7,500 feet, 0. B. Metcalfe, 20 June, 
lfH)3.^^1^l)eTyi:>Eis7/(/r. m/5. 

th). lvANr'N(4um;s ('ARDiopiiYiiLus Hook. PI. Bor. Am. 1: 14. pL 5. f. B. 
1t829. B . o fjin is R, Bi*. var. eardioph yll us A. Gray, Proe. Acad. Phi la. 15: 
oil 1864. B, aflini.s R. Br. var. lasiocarpuH Torr. Bot. Wilkes Exped. 17: 
213. 1874. B, affinin var. valid im A. Gray, Proc. Am. Acad. 21: 371. 1886. 
A. {a(r(li(rphjfllus var. pinctorum Greene, Pittonia 4 : 144. 19()(). A. pedatL 
jidus J. E. Smitli va.t‘. pineLnnim Davis, Minn. Bot. Studies 2: 483. 1900. 
A. (iffinis lasioeoecHs Torr. ex l^iper, Contr. U. S. Nat. Herb. 11: 273. 1906, 
as syn. 

Steins (‘rert, not rooting* adventitiously, 2-4 dm. lon^* and 2-4 mm. in 
diameter, D5-, or H-fiowered, dstulous, [liiose, striate; radical leaf blades 
simple, coi’date, 1-6 cm. lorij^’, 1-5 cm, broad, eremite, sometimes tlie apex 
lotied or i*arely parted, proximally cordate and distally rounded, pilose, 
pcdioles 5-10 or 16 cm. lony, pilose, stipnlar leaf bases 2-4 cm. lon^, not 
markedly fibrous after witlierinji:; (iauline leaves alternate, tlie bracts divided 
into ‘1“7 linear lolies, sessile; petals 5, yellow, broadly cuneate-obovate, 8-15 
mm, l(>n<i‘, 6-RI iinn. liroad, tlie nectary scale ciliate on its apical niargdn ‘witli 
hairs mnirly 1 mni. long* (the siirixiiinding petal surface often witli similar 
hairs), Pn’inin^’ a iioctket, obdeltoid; achenes 50-125 in a cylindrical bead 
8 lOor usiuill>' 10-15 mm. long* by 5-6 or nsually 7-9 mm. in diameter, eacli 
achene obovatt‘, 2 rnm, long, 1.5 mm. dorsoventrally, 0.6-0. 8 mm, laterally, 
smootli, finely (sinescent, margin inconspicuous, the achene beak slender, 
0.6-»l mm. long, recurved; receptacle ovoid-cylindrical, ' 3-4 mm. long .in, 
flower, 7“ 14 mm. long i.n fruit, densely hairy. 

,M't,‘ad(.)WS i„n t^lie moi:mtains at 2,500-3,3.50 meters elevatioii , sonthwarcl 
and at (»()0 1,500 nuhers northward ; Moose Mxiuntaiii, Northwest Territory; 
iha*k\* Mountain system in Alberta and from Wyoming and the Black Hills 
to ..Nortluvrn .A,riz(>,t,ia a,.nd t,he northern edge of N6.w M,''6xiec). WevSter,ii ,p.ine' 
f(:i!X'»st. lb,:)stlyA,liily. . ' ' 

Tj/l)e colLrlions: (1) A. cAirdiophyllusy^^^^ from Clanada to lat. 55®. 
In tin* <Hmtral prairie & limestone districts. Dr. :BieJiardson,'^ J)runm% 
Alpine prairies in the Rocl<y Mountains, 2) 

^Mtolumbia. River between the Spokaiie and Port Colville. Wilkes Bxpedh 
lion. (:i) Var. validus, ‘^Taking the slender form with even 
th(^ hmv<‘s sometimes ‘pedately multifid, ^ as the original of the species, the 
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above name iiia.y be given generally to the stouter and larger toimis, oi low er 
altitudes or elevations, "with more sueeuleiit leaves, . . . to tins belongs E. 
eardiophymis, Hook., figured both in the Ph Bor.-Ain. & in Bot. Mag. t. 21)91) 
but wdth the style too long.” Tliis name is considered to be a new tor 
R. carclioiRiyU'm and to be based upon the same type, (4) V ar. 

Mlbundant in pine woods, at Graliaints Park, 7,800 ft.’ southei’ii ( t)lorado, 
12 May, 1899, C. F. Baker.” The type is HGr,pf)i7. (5) R, afflnis lasionnrK.H, 
Lasiococm^^^ apparently nnintentionally substituted for l(Uio(‘(rrpf(s. 

30 A. Ranunculus cardiophyllus var. subsaoittatus (A. Gray) L. 
Benson, Am. Jour. Bot. 27 : 187. 1940. E. (wEomcm Leiumon \'ar. nnh- 
sagittatus A. Gray, Proc. Am. Acad. 21 : 370. 1886. K. sulhsagrififi 
Greene, Pittonia 2 : f59. 1890. 

Stems seapose, 1-1.5 or 2.5 mm. in diameter, usually unbranched l)elow, 
1-3- or 4-fiowered, a little fistulous, glabrous or pilose; radical leaf blades 
simple, cordate or long-ovmte or rarely subsagittate, 1. 5-4.5 (on. long, 1-4 <*nL 
broad, crenately toothed, proximally cordate (often deeply so) or rounded 
and distally rounded or obtuse or acute, petioles pilose or glabrous, stipular 
leaf bases 1-2 cm. long; eaiiline leaves all bracts, consisting of 1-5 linear 
divisions; petals 5, yellow, glossy on only the distal part, obovate oi* obov'attv 
obdeltoid, sometimes deeply emarginate, 7-15 mm, long, 5.5-13 mm. liroad, 
the nectary scale oblong; achenes mostly 20-50 in an ovoid }i(‘a.d usually 5-6 
mm. long by 4-6 nnn. in diameter, tlie acheiie beak slender, straiglit ; recepta- 
cle ovoid, 1-2 inm. long in flower and 4-7 mm. long in friiit. 

Mountain meadows and stream banks at 2,300 to 3,000 meters elev’ation ; 
east-central Arizona and west-central New Moxieo. Mxistly Western pine 
forest. July and August. 

Type coZkctmri; '^Nortli Arizona in De La Vergne Park of tbe San Fraii- 
eisco Mountains, in wet ground, Lemmon.” Aug., 1884. 

30 B. Ranunculus cardiophyllus Hook, var. coloraoensis L. Benson, 
Am. Jour. Bot. 27 : 804. pi. 1. /. 7. 1940. 

Radical and louder eauline leaves ovate, the bases acute oi' obtusty sba'b 
lowdy crenately-toothed ; petioles of the radical leaves 8-18 ( 00 . long; petals 
oblaiiceolate-oliovate, 5-10 mm. long; otherwise like tlie typicud siXHries. 

Mountain meadows at 2,800 meters elevatioii ; Silvertoii, Cobirfubu 
Northern coniferous forest. July. 

Type coUeetion: “Silvertou, Colorado, 9,500 eievatiom Herbarium of the 
SMe AgriculH^^^^ College of Colorado (collector not designated) , July 3, 
1898. Type in the New York Botanicml Garden.” An isotype from the (Colo- 
rado State College Herbarium has been examined. 

31, Ranunoulits Bastwoodianus L. Benson, Am. Jour, Hot. 27: 804 
pll.J.lS.im. 

Ivnowii only from the type collection at Skagway, Alaska,. Northwcstcim 
coniferous forest. 

Closely allied to B. pedaUfidus J. E. Smith. The species is named for 
Miss Alice Eastwood, Curator of the Herbarium of tlie California Academy 
of Sciences. 
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Type (uilleeetion: ' ‘ Skagway, Alaska, Lonke Hnffi/ne, siimiiier 1925, Cali’ 
f(^rriia Ac(nl(my of 

92. Ranunculus pedatieidus J, E. Smith in Rees. Cyclop. 29: E. sp. 
Ni ), 72. LSI 9. E. a ffni iH R. Rr. Bot. App. Parry Is 1st Voy. 265. 1824. k. 

\’m\ Icicomrpd Traiitv. M'i(l(leiid(>rrs Reise 1: 62. 1847. B. vickialk 
Ct*i‘eiK\ ILltonia, 4: 145. 1900. R, apetalKs Farr, Ottawa Nat. 20: 110. 1906. 
/L i>r({(}li)tdf(H var. l('icoc(irpH>> Fern. RluKlora 19: 138. 1917. 

Mtaulows in the Rocky Mountains at 2,800-3,500 meters in Colorado and 
at. 800“!, 500 meters in Alberta and tundra at low elevations on the arctic 
|)]ains; Nortliern Asia; A’^ukoii to Baffin Island, Labrador, and (Ireenland 
and southwaial to Alberta and Saskatcdiewan ; W,yoniing (Albany County) 
and (V)lora(lo. ArcticuAlpine grassland and northern coniferous forest. June 
and July. 

i\n aptdaloiis I'orni occurs in the Rocky Mountains from the Athabasc^a 
Rivei* 1o Banff and in (Mlpin County, Colorado. It was collected also by Hall 
and 11 arbour in Cloloi’ado in 1862 {U.S.). 

Type (odEo'iions : (1) /A piulatifiduH, ‘‘Native of Hiberia. Four specimens 
from that, (‘Ounti*y are in the Ijinnaean herbarium. . . (2) R. (ifjhvk 

“CollecLai in Melville Island, By the officers of the Expedition.’’ “Chiefly 
in tlc' vic'inity ot' Winter Harbour . . . herbaria of Captain Sabine, Mr. 
Edwards, Mi*. James Ross, Captain Parry, Max Fislier, & Mr. Beverly.” (3) 
Var. lei(H'(rrp(K “ In s|)ecinnnibus taimyrensibus oninibus Ranuiieiili affinis 
R. Br. o\’aria prorsus glabra sunt. . . Fernald’s application of this varie- 
tal cpitliet was to a glabrous-fruited population best-developed in eastern 
Ai'ctic Ainerica. Cf. also Fernald, Rbodora 36: 93-96, 97. pi. 279-80, 1934. 
(4) /A vieinalk, “ At Fort Selkirk on tiie Yukon River, in clry gravelly soil, 
9 June, 1899, M. W, Gorman.” (5) E. apedakis^ “By the roadsides at Banff, 
Allieida.” 

A form collected on Mt. San Francisco, Arizona (Little 46S2, Sac)^ and 
on loose ('ah-areous slopes near snow banks at 11,800 feet on tiie nortlieast 
sitle of Delano Peak in tlie Tushar Range in Piute County, Utah {M,aguire 
19278, Herliarium of Utah State College) may be a new variety. It has tlie 
following cha,ra(d.(U*s : stems 4-15 cm. long; radical leaf blades 1-2 cm. long, 
<let*|)ly lobtHl or (dtd't into simple lobes, the upper lolies erect, tlie lower 
markedly (Ihau’gent or somewhat reflexed ; petals none. 

33. RANiTNctJLUs Sabinii R, Br, App. Parry’s '1st. Voy. 264. 1824. 

. Wet ground in arctic regions; Mvlville Island. to Ellesmere Ijand and 
nor'l:l!W{‘stei:'n Gre(mla,ud. A,rctic-al.pine- grassland. July and .August.' ■■ 

Type eollectmi: “.Collected in M.elvil.le Island, By the .Officers,, of the 
Expedition.” “Chiefly in the vicinity' of Winter Harbour. ...” “Planta' 
inter R, niyiilem et Pygmaeum. media in/.'Herb.'i), Sabine extat.” 

■ 34.' liANXTNCtiLus INAMOENUB . Greene, ..Pittonia S,: 91. 1896. , ^ lA .affinis 
Ru Br. var. niicropeialus Greene,', Pitt onia' 2:' 110, 189.0. . JL' m/icrofetalus 

Ryilh. Bull. Torrey (hub 29: 158. 1902. 

Hirsuh* io subglabroiis terrestrial perennials; radical leaf blades simple 
and ovatiu obovate, or orbicular, 1-4 cm. long, 1-3.5 cm. broad, at least some 
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radical leaves on each plant crenate, rarelv^ some Jl-lobed or -divided, proxi- 
inally more or less attenuate aiid distal ly rounded, ji'labrons or a})|)resse(l- 
pubescent, petioles 4-10 cm. appressed-pubescent, stipulai* leal basc^s 

1.5- 2. 5 or rarely 4 cm. long*; eauliue leaves alternate, tlie bracts ol 4 5 
nearly linear lobes, sessile; pedicels 3-10 mm. long in liower ami lO-bO or 
rarely 70 mm. long in fruit, appi*essed-pubescen,t ; scjials na.iu’owtN* otiox'ate, 
3-5 mm. long,, about 2-2.5 mm. broad; petals narrowly elliptic to obo\*a.t(\ 

2.5- 8 mm. long, 2-4 mm. broad; achenes 60-100 in a (^ylindric' oi' barreb 
sliaped head 7-17 mm. long by 6-8 mm. in diameter, eacli actieiu' nearly 
obovate, about 1.5 mm. long, 1.3 mm. dorsoventrally, 0.5-0.() mm. broa.d 
laterally, smooth, densely short-pubescent, margin ineonspii'iious, the 
achene beak slender, 0. 8-0.9 mm. long, recurved; receptacle sleuder iind 
cylindric, 2-3 mm. long in flower and 6-15 mm. long in fruit, his{)i(l. 

Moist ground in the mountains at 2,000 to 3,000 meters elevation ; Ivot'ky 
Mountain System from Alberta to Mt. San. Fraiunsco, Aivizona and tlie 
Saeraniento Mountains, New Mexico; in Idaho collected in only (bister 
County, "Western pine (lodgepole pine) forest. Mostly June and July, 

Type coUeetions: (1) Var, niieropetalus, Arimniciis, var. suhnlfDils 
G-reene/' Pittonia 2: 60. 1890, “not of Gray,” Ih’oc. Am. At-ad. 21: 370. 
1886. “On the San Ph*aneisco Moiintain (whicli some rei'.ent ex|)lor(U’s ami 
visitors effect to call Mt. Agassiz) it grows along cold subalpiue lu-ookh^ts 
where it is associated \vith Mertemia M)eriea, Primula Pdrryi, et(c” 
Greene’s collection from Mt. San Francisco in 1889 is designated as a lec^po- 
TYPE. It is TIGr 11S8. The petals of the type specimen are 4-5 mm. long. The 
short-petalled and small-fruited form, which incltides pra(.4vi(.ai]ly ev(U‘y 
specimen from Utah, Arizona, and New Mexico, most of those from tlie 
northern Rocky Mountains, and many from Colorado miglit be reiaignized 
as a variety based upon R. affinis var. mAcropetahis, However, gradual inter- 
gradation is found in both characters, and it seems bid ter to consider It 
inaMioenus as variable in size of flowers and fruit, even thongli sinall pi^tals 
and small fruit commonly accompany one another, and the two chanuders 
are found together throngli a large but indefinite geiigrapliical rangix (2) 
R. inamoenus, “Common in the whole Rocky Mountain Region, at middle 
elevations, and liitlierto erroneously treated as a variety of tli(‘ aridii* It 
That ill 1890 Greene considered the central and norilim-ii Roi-ky 
Mountain plant somewhat different from his variety micro pel alas on Mt. 
San Francisco, Arizona, is shown by the following ’statement, Pittonia 2 : 
110. 1890, “It [var. mmvpeMm] differs from the Colorado and iii^idhern 
It affinis only in its much more slender habit, miimte flowtu’s, ami long 
cpylindrical head of achenes.” Since there is no recorded idiange of opinion 
between 1890 and 1896, it may be assumed that the variety micropclalas is 
not the “variety of the arctic B, affinis’^ mentmied by Greene in 1896 and 
that the species inamoeniis was based upon a different type. This viewpoin 
was taken by Rydberg, FI. Colo. 145. 1906, Coulter, Man. Rocky Mt Pot 8 
1885, recognized two varieties of R. affi7m ior the Rocky Momitaiiis Om 
was based upon B. cardiophyllus Hook. (B. affinis cardiophyUas A. 
Gi ay , I roc. Acad. I liila. 15: 56. 1864, which has now a later typoiiviu R 
affinis var. vcdidus A. 'Gray, Proe. Am. Acad, 21; 371. 1886.) Since the' vari- 
ety eardiopkyllus of Coulter’s Manual is described as having flowers an 
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uidi iH it eovild not hcu^e been tiie type of B. inamoemis with the 

\\iioh‘ '‘I'orolla :t~5 lines brond. ” Tlie otlier variety was identified by Coulter 
os B. (iffinis vnr. kiocfirpus Traiitv. and described as Iniving* small flowers, 
and it is probable that Creene had this variety in mind wlien he described 
Ik althoii<rh the proof is not necessarily ade(iiiate. {Since Greene 

ya\'e no typ(‘ and only a vayne ref{‘rence to a variety of B. uffinisy it is necics- 
sar.V t(j (‘stablish th(‘ idtmtity of the species rnaiiHnmus by reft^rence to tlie 
fl(‘rbarinm ( b'ccaieaniim, wliudi contains 15 or 20 spcHn’mens. The following' 
W(‘re ('olhaded by Dr. Greene prior to publication of tlie species, Nov. 9, 
1896 : Upjier Dear (h’eek, Colorado, (Ireene in 1889; Dale Creelv, Wyomin?^*, 
f/reear dune 60, 1896. The writer designates the Dale Creek specimen, II , Gr. 
;j’d.;V.9 and 2()d8, a,s a, UEcrroTYPE. 

Nh/ai/ier/w/ i^pechriens: Ti>aho: Bonaima, Custer County, Bladmde 
Pdjfson :ii7 1 NY; Ca])e Horn, Custer County, Maebride £ Payson 362:1 
NY. (VUiOiiADO; (all witli fruit hirger tlian usual, 2 mm. long) : Eldora to 
Baltimore, Giljiin (loirnty. Tweedy 5688, NY; Berthoud Pass, 11,000 feet, 
Tirei'dy 5683, NY (achene lieaks nearly straight) ; Ciicliara River above La 
Vela, 2,100 imdau'S, Bydbery cC* Vreeland 6244, NY. 

64 A, llANUNcvuLus iNAMoENUs vur. alpeophilus (A. Nels.) L. Benson.; 
<‘onib. nov, B. (dpeophiltts A. Nels. Bull. Torrey Club 26: 650. 1899. B. 
ulahen.sis Rydb, Bidl. Torrey Club 29 : 158. 1902. B. riuinuwnus \ai\ alpe- 
ojihihi.s |j. Benson in Abrams, 111. FI. Pac. 8ts. 2: (perhaps appearing in 
advaiu'c ol‘ tins pa])er), 

rierbage pr‘avti('ally glabrous; radical leaf blades 3-])arted or some of 
them d-lobed ; atdienes and usually the receptacle glabrous; otherwise like 
tlu^ ty|)i(‘al species. 

Moist slo|)es in tlie nuiuntains at mostly 2,500 to 3,000 meters elevation; 
Yoho Valle.\% British Colunibia; WyoTiiiug and the East Humboldt (Ruby) 
M()iiutains, Nevada to Utah and Central Colorado. Western pine forest 
(mostly lodge pole pine). Snnimer. 

Type eolleetionH: (1) Several collections of it have been secured, from 
mairl.v' al|)ine stations in tlie State of Wyoming, growing in moist, rich soil. 
Nos. 1,780 and 4211 by the writer, and no. 5252 by M'r. Elias Nelson may be 
(dted as t,\'i)i(ctl.'’ The Tvim is established by the following excer})t from a 
lidbn* re(Mdv(Ml from Dr. Aven Nelson and dated December 21, 1938: ‘‘Re- 
plying to your valued inqn Eanunculm alpeopkUm, I will 

slide that, my number which I have designated as ty})e and whieh I find in 
(mr lyp(* (oise is 421 1, Battle Creek Mountain, August 17, 1897, collected by 
mys<*ir.’' (2) B. ulahenm, ^‘Dta'h: Alta, Wasatch Mts., 1879, M.. E, Jones, 
tBiO. (Typ{‘ in land). (Atliiinbia IJnivcnvsif^^ is a 'form , with thick 

i(Nives iuul robust stems, 

34 Ik : lUNiiN(:rtTia,T^ .inamobnub ■var. blbaxwnis „(A„. Gray,)' L.' Benson,' 
'Am, Jour, Bot. 27; l'„87t 1940,. .. Jf., Lem vdoc. suhaffinis A. 

Gray, Proc. Am. Aca,d. 21 : 370. 1886, R. :snl)sugiftatws.' (A, Gray) .Gmuie 
vai*. subnfjUih Greene, Pittonia 2 : 110. 1890. E. dlydh. Bull. 

Torrey Club 24: 246. 1897. 

Stipular h^af bases 2.5-3 cm, long; pedicels 10-33 mm. long in flower and 
60-80 mm. long in frmit; sepals obovate, 5-7 Jmn. long, 3.5-4,5 mm. broad; 
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petals mostly obovate or obovate-laneeolate, 6-9 miu. lonj^‘, 2.5-7 mm. broad ; 

aclieiies about 50-60 in an ovoid or eyiindrie head (1-11 mm. loii^- hy 5~ 7 mm, 

ill diameter, each aeheiie about 2-2.3 inm. louj>', 1.5-1. 7 irim. (l()rs()\auvt rally, 
the beak about 1.5-2 nun. lonj.>‘, straiglit (or bent or eiirved out ot jiosilion 
ill lierbariuiii speeiiiieiis) , the marg'in a little more eousjiieuous than in tlu‘ 
typical species or some aeheues showing* evidence of a, \'ery liroad mara'iii. 

Moist ground near timber line at a, bout 3,400 meters (‘[(‘vatiou; Ml. Han 
Francisco, Arizona. Northern coniferous forest, dune and luiy. 

2'ype collection: ‘'Ml. Agassiz [Mt. San. Francisco |, Loiwioh.'^ -//a;!, 
collected near the summit at 12,000 feet elevation, September, 1884. 

Significant speciniens, Arizona; Mt. San Francisco, (hccne, in 1880, 
EOf\NY, Mearns in 1887, NY; San Francisco Peaks, margin of the crater, 
10,300 feet, L. Benson 96li8, J5, UAj San Franeisca) Peaks, Whiting <(: 
Sanders in 1935, UA; Near Flagstaff, P. L. in 1928, PA, Mt. San FraiU'isco, 
Little 4697, Sac. 

35. Ranitnci:lus Allenii Rob. Rhodora 7: 220. 1905. 

Meadows at 950-1300 meters (or lower northwa,rd) ; Akpatok Island and 
the Labrador Peninsula Labrador to Gaspe County, Qiiel)e('. Ar(li(/-a!pim‘ 
grassland and northern coniferous forest. July and August. 

Tijpc collection: "Gaspe County, Quebec : on flood |)]ain of an alfiiim 
Brook, north face of Mt. Albert, alt. 770 to 1100 im, 14 August, 1905. J. F. 
Collins & M. L. Fernald, no. 83. (Type, in herb. Gray.) ’’ 

36. Ranunculus verecundus Rob. E. verccundus Rob. apud Piper, 
Goiitr. U. S. Nat. Herb. 11: 274. 1906. E. ranmlosus Jones, Contr. Wi Bot. 
14:47.1912. 

AYet slopes near timber line from near sea level (northward) to 3,(K)() 
meters elevation (southward) ; rare but widely distributed; Russell Fiord, 
Central Alaska; Sawback Mountain, Alberta; Mt. Stuart and Mt. A (lams, 
Washington; Strawberry Mnuntains, Oregon; Woolly Creek, Siskiyou 
County, California (f); Custer and Blaine Counties, Idaho; Long Baldy, 
Little Belt Mountains and Glacier National Park, Montana. Arcti(*ui]|)im> 
grassland. July and August. 

Type collections: (1) E. vereeundus, "Wet, gravelly phmes, Mt. Paddo 
[Adams], alt. 1850-2150 meters, July 31, 1883, W, N. Snksdorf 99, (Type in 
Hb. Gray.)'' (2) E. ramidmus, ''Swift Current Pass, (llacier Nathiruil 
Park, 7,000 feet, M. E. Jones August 11, 1910." Herbarium of Pomona 
College. 

Significant specimens. Alaska, AY ashington, Or'egon, Calipobnia,' find 
Idaho, cf. L. Benson, Am. Jour. Bot. 23 : 170. 1936. ' AiaiMAi ' Sawback 
Mountain, Sanson 140, NY. Montana,: Long Baldy, Little Belt Mountaiiis. 
Flodmian 469, NY; Mineral Park, Glacier National Park, 7,000 feet, Jones 
in 1910, P; Swift Current Pass, Glacier National Park, 7,000 teet.Jimes in 
1910, P; Sexton Gla^ckT, Standley 17230, US. 

y 37. Ranunculus Eschsoholtzii Schlect Animad. Raiuincy2,: 

1820., nivalis L. var. Eschseholtzii B. W Kept; ,5: ■ 8. 1871. 
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R. (H‘re(t(i(s dreeiie, Fittoiiia 4: 15. 1899. /k Ilelleri l\v(lb. BiilL I'orrey 
(9u!) 29: 158. 1902. E, EHchscholtzii var. Helleri L. Benson, Ani. Jour. Bot. 
23: 16!). BK3(). 

doiKlex 1-2 eni. lony, 3“6 nnn. in diameter; radical leaf blades siinple, 
semi eircndar in reniinrm, 1.3-3 cm. long, 2.5-4 ein. broad, deeply 3-parted, 
ihe ndddie lob(‘ ayiiin 3-lobed or entire, the lateral asyiiiinetrieally fb-?- 
parted, tlK‘ ultimate lobes and sinuses ronnded, the blade proxiinally triiie 
<'ate or roMiid(‘d, {Petioles b— 8 eiii. lon^', stipiilar leaf bases 1-1.5 cm. lony*, 
aniinally detdduons or disinte^‘ratin<>* ; petals 5 or iivsnally 7-10 inin. lony, 
5 10 nnn. br()a(l ; a(^lienes glabrous. 

Boreal and Alpiiie meadows and talus slopes from the Aleutian Islands 
and (M)astal Alaska to (Jrater Lake and scattering stations in the central 
Si<n’ra Nevada,, California, to the Wallowa Mountains in Eastern Oregon, 
lo the Last Humboldt or Ruby Moiintains in Nevada, and to Alberta, Utah, 
and (Alorado; Mt. San Pranciseo, Arizona; possibly New Mexico. Ai*cti(i- 
Alpiin* giaissland. July and August. 

Tiu‘ form south of the Canadian boundary has comnionly an entire and 
iingulate middle leaf lobe (previously described as var. Helleri), A Utah 
and Colorado form has tlie stipular leaf bases often 1.5-2. 5 (un. long (/?. 
ocrvdtHH Creene). 

Type coileelMms: {1)E. E,sehiickoLlzh\ “Hab. in iiisulis Unalascha et St. 
Ceorgii (de Chamisso).’’ (2) R. ocrmtit^, ''Collected by Baker, Earle, & 
Tra(*y on Mt. Hesperus, Colorado, 2 July, 1898 (n. 912).’’ The type is R(h\ 
2740. (3) R. Eelleri, ‘'Idaho: near Lake Pend d’Oreille, 1892, Sandberg, 
MueDougal, & Heller 842 (type in N. Y. Bot. Gard,).” The type has not 
been located at the New York Botanical Garden, but an isotype is in the 
I )!i(l]ey Herbariinn at Stanford TJnivers 

Signifumif specimem of H. IRHehscholtm and its Ibunfic States varieties, 
(*f. L. llenson, Am. Jour. Bot. 23: 169-170, 1936; also California; Piute Mt., 
Sierra Nevada, Jepson 4579 J ; Mt. Dana, Yoseinite National Park, M, S. 
Baker 4293 h (Santa Rosa Junior College Herb.) and a few other collections 
from the central Sierra Nevada. 

Key to the VAamTiKs 

llltiuudi* Iciif IoIx^h aiul siiuiHCH usually slun‘])ly acute, rarely obtuse in 
var. ('xliniuH. 

Basal leaf blade dee;i>ly 'parted, the uiiddle lobe again a-Iobed 37A. var. HulmiorfH. 

.Basa'l Uaif lilade eleft, rarely parted, the middle lobe entire 37B. var. eximim, 

nidmate laisal leaf btlies rounded or ol)tuse, at least not sliarply aeutxx 

t'laudex 1-2 (u,n. long, unlrraiudied ; scMrious.or tbiekened stipular kjat* 
l)ases 1-2 em. long, deciduous or 'disintegrating an;i:uu:vl'ly ; 'a(dieiU3H 

ghibrous 37. if. EH(4tfi(4ix4tzik 

Ofiudex 1.5 or .3-7 (un. long, often branehed; thickened stipular leaf l)asc^s 
1.5m cm. loug, usually persistent for 2 or more seasons. 

Middle basal leaf lobe again 3- to TJobcd; acheties pubescent or gla- 
brous; leaves deeply parted :170. var. Iriueehis, 

Middle basal leaf Iol)e. entire, or very rarely 3 lobed; acdienes gbc 

brous; leaves usitally cleft, rarely parted 37 B. var. o,njno(m, 
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37 A. IUniincuiatr Esci-ischolteii vai\ Suksdorpii: (A. (:vray) L. Lieu- 
son, Am. Jour. Bot. 23: 170. 1936, B. ^uhsdorfii A. (iray, ProiL Am. Aead. 

21:371. 1886. . ^ , 

Candex 1-1.5 or rarel.Y 2.5 em. 3-5 or 7 mm. m (liametei*; laidKoi! 
leaf blades thin, deeply 3-parted, the middle lobe ayaiii d-lobed, the idiimalt^ 
lobes and sinuses sharply acute, scariovis stipiilar leaf bast's 1-2 cm. lony, 
aniiually deciduous or disintegTating* ; petals 7-11 mm. long, 5-10 mm. 
broad; aclienes glabrous. 

Alountain meadows and slopes at l,700-2,()()() meters elevation ; \\ ash rug- 
ton in the Olympic and Cascade Mountains; Idaho; Western Montana; 
Northwestern Wyoming. Arctic-Alpine grassland, duly and August. 

Plants from Idaho, especially the southern part, and from Wyoming <ire 
intermediates between var. Suksdorfh and adoiunts A. Cray 

var. alp in us (S. W^ats.) L. Benson. 

Type collecMon: ^'Mt. Adams, Washington Terr., at 6,()()() to 7, OOP feet, 
in damp ground, Suksdorf/’ 1884. 

37 B. Ranunculus Eschscholtzii var. eximius ((lia'ciie) L. Bt'iison, 
comb. nov. B. eximius Greene, Ertjihea 3: 19. 1895, /A saxieola Rydh. 
Mem. N. Y. Bot. Gard. 1 : 64. 1900. 

Candex 1-2 cm. long, 3-7 mm. in diameter; basal leaves usually' thin, (dei‘t 
or rarely parted, the middle lobe entire, the ultimate lobes ami siniist's 
sharply acute, or rarely somewdiat obtuse, scnirious stipulai’ leaf l)ases 1-2 
or 2.5 cm. long, annually deciduous or disintegrating ; petals 8-12 or sonuv 
times 17 inni. long, 6-11 or 19 mm. broad; achenes glabrous or rarely hairy, 

Alpine meadows at 2,300-3,000 meters; mountains of Westei^n Montana 
and Northwestern Wyoming; Big Horn Mountains and Battle, (larl)(>ii 
County, Wyoming {Tweedy in 1901); Fremont County, Idaho; La Sal 
Mountains, Southeastern Utah; Mt. San Francisco, Arizona. Ai‘(d i('“A]i)ine 
grassland, July and early August. 

This variety is related to B. adoneus. 

Type (1) B. eximius, ^'A most beaotifvd alpine and sub- 

alpine species of the Rocky Mountains in Colorado, Wyoming, and Idaho, 
apparently somewhat rare, but gathered sparingly, and in poor sp(‘(dttiens 
even by Hall and Harbour, in whose collection it is mixed witli /A adoneus 
as far as distributed. Better specimens have been obtained by Mi*. Ihiffviiu 
of Laramie.’’ The following specimen is designated as a leototyiu-:; Ijittle 
Bald Mountains, B. G.Buffum^ in 1892,' iJffr $591^, (2) B. 

TANA: Cedar Mountain, fJiily 16, 1897, Rydberg <& Bessey, 1112 and 1112 ; 
Mill Creek, ,1887, Tiveedy 192. Yellowstone Park : Electric Peak, August 
18,, 1897, Bydberg & Bessey 4111; 1895, Tweedy, 192; Mt.' Holmes, 1884, 
Tweedy, 3012^ No. 4112 of Bydherg & Bessey from Cedar Mountain, Mon- 
tana is designated as a lectotype. It is in the New York B()tani<od Cai'ch'u. 

specimen. Arizona*. Mt. San Francisco, 10, 500, ft., Whiting 
<& Sanders Cat. No. 756/1060, Museum of Northern Arizona Herbarium. 

37 C. Ranunculus Eschscholtzii var. 'TEiSE(mjs'' ;(Eastw.)'dIj. 1,16080% 
Am. Jour. Bot' 23:' 170.1936., B. trisectus Eastw. apud 'Rob. Proc/.Ann 
Acad. 45: 394. 1910. 
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^ Yandex 1 oi* 3-6 em. long, 4~7 mm. in diameter, nsnall.v braiicdied; basal 
halves usually tliin, (lee})ly 3-parted, the middle lobe again 3- to 7-lobed, 
s(ou‘ious stipiilar leaf bases 1. 5-2.5 cm. long, nsnally persistent for a season 
or ituire a.ftm* deatli of the leaf; aehenes hispid or glabrous. 

iVbiuntain slopes a/iid meadows at 2, 000-3, GOO meters elevation; Yolio 
Kbvi'r, llritisli (Columbia and Hpray lliver, Alberta; Wallowa, Strawberry, 
and Hitam Mountains, Eastern Oregon; Payette Lake, Idaho; Black Rixik 
Oi‘(M‘k, Ih'ton National Forest, Wyoming. Aretie-Alpine grassland. Mostly 
duly. 

(Jiosely related to EammciduH adoneus. 

Type collection: ^fAlpine Wallowa Mountains, Eastern Oregon, Altitude 
2745 m., growiiig 'Ht the base of cliffs, William C. Cusiek No. 3200.’’ 

371). RANiTNCiTLuc:^ Bschscholtzii var. oxynotus (A. Grav) Jepson, 
FL Oalif. 1: 537. 1922, R. oxynotus A. Gray, Proc. Am. Acad. 10: 68. 1875. 

(kuidex 3-7 mm. long, 5-12 mm. in diameter, often branched; basal leaves 
thi(?k, cleft or rarely parted, the middle lobe entire and, lingiilate or rarely 
(Ihilare (lounty) d-lobed, the 2 lateral lobes crenate, stipular leaf liases thick 
and ])(‘rsistent for one or more seasons; aehenes glabrous. 

Mountain meadows and talus slopes at 3, 000-3, 850 meters; California in 
the Warner Mountains, in the Sierra Nevada from Mt. Stanford (Castle 
Peak), Si(‘rra, (Jounty to Tulare County, in the White M’ountains of Inyo 
(k)iinty, and in the San Bernardino and San dacinto Mmintains. Arctic- 
AJ;pine grassland. Mostly J'uly. 

Type eolleetion: ^G'yalifornia, near the summit of Castle Peak [Mt, San- 
ford], Sierra County, at 9,000 feet, J. G. Lemmon.” 

38. RANtJNouLiJS adoneus a. Gray- Acad. Phila. 15: 56. 1864. 
Candices 3-4 cm. Jong and 4-10 mm. in diameter, often as many as 9 in a 
clust(‘r, closely and densely clothed with dead leaf bases; radical leaf blades 
finely divided, semi-circular to reniform in outline, 1-2 cm. long, 2-3 cm. 
liroad, deeply parted, the primary divisions again twice-lobed into linear 
segments, i)r()ximally truncate or cordate and distally rounded, petioles 4-10 
(>in. long, stipnla/r leaf bases 3-4 cm. long, persisting one or more seasons; 
cauliiK* l(»av<‘s alternate, about 2, the bracts dissected, sessile; petals wlien 
fully (‘xpaiuled 13-18 mm. long, 10-19 mm. broad; achene beak filiform, 
L2-l.r) nun. long, falcate-curving and often reeiirved. 

Moist ground above timber .line ■ at 3,000-4,000 meters 'elevatio:ii| Nortli- 
wcst(*rn Wyoming'; occasional in the Wasatch and IJintali Moiintains, Utah; 
Cokiracio. Aixd:;ic-alpine grassland. July .and, August. , ■ ' 

Type collmtim: '‘No. 81 of last.year’s collection'. by Dr. Parry. ’’ Rocky 
MouiitainshiColoradoTerritory,1862..- 

''38 A.' ,, Ranunotlus ADONEUS:;’ v^ ('S. Wats.) L. Benson, comb, 

iiov. 'B. ortihmdiynchus BlOoIi. vax. alpinus S. Wats, in King’s Rep’t. 5: 9. 
J87L R. slenolobus Rydb. Bull Torrey Club 29 : 159. 1902. 

Caudex 2-3.5 cm. long, flowering stems 15-30 cm. long, more branched 
than in the typical species; ultimate leaf divisions 1-2 mm. broad, the 
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stipular leaf base more frcf^iiently searious than lliit'lv, 2 -o.o (ou. long; 
petals when fully expanded 8—13 mm. long*; aidiene l)eaks usual !\ not 

recurved. . 

Near siioav banks at 3000—3500 meters elevation ; north weslcuai Wyoming 

and the Wasateh and Uintali Mountains, Utah. Ai-(‘ti('-aJ|)ine j-Tasslaiid. 


and An gust. 

Numerous Idaho and Avestern W^'oming s]>ecimens (a>nm'(h ibis \'arieiy 
Avith /?. Eschscholisri var. SiiksdorfiS. 

Type collections: (1) Var. alprimis, ^^The large form ocumrs in low lamis 
in Wasliington Territory; the variety, in the Walisatcii Monntaiiis, at an alti- 
tude of 10,000 feet; July.” The type is AVasatch Mountains, Ntali, 40th 
Parallel 10,000 (9,000 oii some labels) feet, Watson in July, 1869. (Vun 
fused Avith R. probably because of the dissented leaves. (2) R. 

stenolohus, “•'AA'yoming : HeadAvaters of Cliff Creek, 1900, C. C. (Uoiis (type' 
in herb. N. Y. Bot. Card.).” 

39. Ranunculus nivalis L. 8ip. PL 553. 1753. R. nivalis L siihijhfhosns 
Polunin, Bull Nat. Mus. Can. (92) pt. 1 : 215, pi. 6. /. (h), upper left. 1940. 

Boggy tvindra mostly near sea level or up to 800 meters ehAvation near 
Mt. AIcKiiiley, Alaska; cdreumboreal ; Northern Alaska and along tin* shoj*e 
and islands of the Arctic Ocean to Labrador; Greeidand and Iceland. Ar(di<‘“ 
alpine grassland and tundra. July and August. 

A. specimen from Capitol Peak, Colorado {Penland 15 12^ (M ) is [prob- 
ably this species. According to Dr. Penland, none of the speidmens have 
fruit. The glabrous receptacle agrees Avith B. nivalis. The plant sIioavs some 
resemblance to E. adoneus, hoAvever. 

Type collections: ( 1 ) R. nivalis, Habitat in alpibus Lapponiar, Helve- 
tiae.’^ The folloAviiig statement appears in Rees’ Cyclopedia, volume 29 
(pages not nuinbered ; Eanimculus under ‘^R^’), ‘‘Pound by Linnaeus in 
Lapland, by the alpine rivulets on the snowy mountains of that ('oiintrAU 
Martens had previously gathered it in Spitzbergen.” (2) f. snbylobosns. 
“Type in the British Museum; NivlioUis Fol/unin, AVohlsttrniiolrm*, Hudson 
Strait, No. 233, August 27, 1934.” 


,40. Ranunculus sulphureus Phipps, Voy. N., Pole 202.. 1774. H. aliaT 
cus Laxm. Nov. Comm, Acad. Petrop. 18 : 533. 1774. 

Tuudra near sea level; eircumboreal ; Bering Straiglit and St. Ibiiii 
Island, Alaska; Canadian Arctic Archipelago and the land adjaAient; (lull' 
of St. Lawrence; Greenland; perhaps Iceland. Arctic-alpine grassland and 
tundra. Late June to early September. 

Type collections: (1) B. sidphureus. The following is ({noted from a letter 
from Dr. H. AT'. Riekett of the NeAv York Botanical Garden ; “No habitat or 
location given. But on p. 58 he mentions sending a party ashore on Ijoaa^ 
Island, off the (?nast of Spitzbergen, and quotes Dr. Irving tbiis: tlie ground 
was ‘covered Avith moss, seurAy grass, sorrel and a feAV ranunculiist^s Hum iu 
flower.’ Since this is the only mention of vegetation in, the: text, it is p,rohable 
.that E. XRlp?iurcRs,Avas 'eollected...then (July 29). The work on 'plants 'is often 
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blit ndiie!* .i>‘roiin(llessly attributed to Solaiider. On pp. 12-18 of Iiitriidue- 
lion, Idiij)|>s a(*kn()wledj 4 ‘es his indebtedness to Banks ‘for his assistance in 
drawing* np i iie amount of the productions of that country f If So lander had 
had liand, lie would iiave nieutioned it. If specinieiis exist they should be 
ill Bril. Museiini.’^ (2) /d The foil owinj>' is quoted froni Dr. Rickett: 

‘O^hxOude froni (h'scription reference to Tab. VTL, whicdi is an ei‘ror for 
Tid). V I 1 1 . A ftiM* the detailed description is the following* : ‘ Oi ri*a fineni Jiiiiii 
in alpiiuii iiivcisaruni idanitie imiscosa fioremiiu invenl. ’ Aiid in tlie abstract 
on p. 41) of sanie voliiine lie sa,ys ‘in fissiiris praedictarinn alpiuin uinbrosis 
habitans.’ Ijaxnian lived, and presumably collected, in Kolivaii, near the 
jii'escMf Novosibirsk in the provinee of Zapadni. The Altai raiiji’e be^'ins about 
here. Note also the following" introductory remaid^s: ‘Tu deseribendis plantis 
sil)iri(^is i>ergens, iiTinuiiilas illarum tantnm nunc botanicis otferre volui, 
(juas in sunimis altaieoruni iiontinni aeterne nive tectonnii ('aeiuninibus legi, 
(juae{|iie milii nmxinie singiilares visae siuitd The type of R. (ilkmyus would 
tlnuid'ore come from alpine locations in the Altai mountains.’’ 

41. liANiTN<ujLiTs Maiiaitleyt A. Gray, Proc. Am. Acad. 15 : 45. 1879. 

Meadows in the mountains at 8,4()() to 8,800 meters elevuitioii; Rocky 

Mouutaiu System iu Hoiithwestern and Boiith-Central Colorado and North- 
ern New Mexico. Aridiisalpine grassland. July. 

Tjjpe eolleclion : ‘IRocky Mountains in San eluaii Co., Colorado, Ijieiit. 
(f H. McOauley, Mr. F. N. Incase.” “M(dlaidey <*o]leeted 2 speidniens . . . in 
the siininier of 1877.’’ 

42. Ranunculus G-rayi Britt. Bull. Torrey Club 18 : 265. 1801. E. 
])eduUfidus Hook. PL Bor. Am. 1: 18. PL 8. /. B. 1829, not J. E. Sniith in 1819. 
it ilookeri 'Regel, Reisen Ost-Sib. 1 : 47 . 1861, not Schlect in 1834. ■ R. Drum- 

(Ireency Tlryth 

Iligli peaks of the Rocky Mountains in Alberta (lat. 52 ”-55®, Drum- 
maud) and in Colorado (Gray’s l^eak, Paiterron and at 18,000 feet elevation 
near 1 ronton, N. II, Camp in 1898.) The writer has seen only the Ironton 
specimen. Hooker’s figure shows a plant with more deeply- and eompletely- 
disseGed leaves aiid with sepals nearly as long as the petals. Tlie apparent 
ladatiousliif) in to R. EmhHcholtzii Schlect. Arctic-alpine grassland. Siunraer. 

Tppe calkcihni: “Barren summits of the Rocky Mountains, on the east- 
iu*nside of, the ridge, lat, 52®. to 55”., Drimmiondd^ The "later names are based 
on the Slime type. 

48. llANUNCULUs PYOM'AEUS Wahl.. PL Lapp.' 157. 1812. 

Rcidiral leaf blades simple, semicircular, 5-9 mm. long, 6—11 nun. broad, 
:bparl<‘(l or -divided, the middle lobe entire, the latemL2— 3-lobed, p 
tnuuude or nearly cordate and distally rounded in , outline, petioles 1-3.5 
cm. loll, g, ' stipular leaf, bases, up’ to 1 em'. long; catiliiie .lea'ves alternate' or 
{iraetically opposite, the bracts divided, sessile ; acheues 40-50 i'i:r an o'voi,d' or 
subglobose head 2.5-4 mm. long by 2.5-B mm. in diameter. 

Damp meadows and tundra at low elevations near the Arctic Bea and up 
to about 1,600 meters elevation in Alberta; eircumborcal; Alaska to the 
(bmadian Rockies; Ellcsmereland to Labrador; OrecnlaiKl; Biiitzbcrgeu. 
Arclic-alpine grassland. July to September, 
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43 A. Ranunculus pyomaeus A^ar. petiolulatis Fern. Riiodorii 19: 137. 
1917. 

Radical leaf blade divided, the divisions, soil letinies sliortly iietiolidate, 
tlie middle division again 3-lobed, the lateral divisions 2- or ddoluMl or -c'Icii ; 
head of fruits cylindrical, 5-7.5 mm. long* aiul :)-4.5 inin. in diaiiuder. 

Damp, mossy hollows at 950-1, OOO meters; Mt. Albert, Uaspe ( ounl y, 
Quebec. Arctic-alpine grassland. August. . . . . 

Type collection: ‘^Quebec: dani]) mossy hollows in sbad(‘ of ainpfulmlik^ 
rocks, altitude 950“100() in., Alt. Albert, Oaspe County, August (S & 10, 190o, 
CoUvris (& Fernald, no. 82 in large part (type in Gray Herb.). . . . Cn ]\It. 
Albert collections \cere made on tAVO days at different |)oiuts and all the 
material distributed under one number. The full slieet i‘etaiued at the ( daiy 
Herbarium eoiitaiiis a fcAV plants of true K. pygmaeus, but most oi the sp(*(d- 
mens (presumably from a different station) are tlie variety.” 

44. Ranunculus rhomboideus Goldie, Edinb. Jour. 6: 32JI. 1822. ( ?) 

Ecmunculus ovalw Raf. in Desv. Jonr. Bot. 4: 268. 1814, noincn nudum. H. 
hrevicanTis Hook. FJ. Bor. Am. 1 : 13. 1829. 

Prairies from Moose JaAV to Alanitoba and Ontario and from tlu' Dakotas 
to Alichigan. Prairie grassland and nortliern conifei’ous and uori lu^astern 
pine forests. Alareh. to Alay. 

Type collections: (1) B. oualiSf ^‘Canada.” MaiiyNiutliors have attrilmiiMl 
this name to B. rhonihoicleits, but there is little evidence tiuit it AVfis ap|)liiMi 
to that species, cf. Fern. Rhodora38: 175-7. 1936, (2) B. rhomJ)oid^^^^^^ ‘Mn 
dry sandy fields, near Lake Simcoe, Upper Canada [Ontario].’’ Collmdud 
by Goldie in Ontario County. (3) B. Irevicmdis, ‘kSbores of Lake lluron. 
Dr. Bichardson. Drummond.” 

45. Ranunculus qdaberrimus Hook. PL Bor. Am. 1: 12. pL 5. /. A . 1829, 
B. Austinae Greene, Erythea 3 : 44. 1895. 

Sandy soil in the sagebrush region at 300-1, 700 meters elevation North- 
ern Great Basin from British Columbia to Plumas C()iuity, California, and 
to Western Alontaiia, and Western Colorado; Newel) and Dickinson, Bouth 
Dakota. Northern desert. April and May; the first flower of spiring through 
much of its range. Both varieties are described iii Abrams, 111. FL Pat'. Bin. 
voL 2. (in press). 

Type coUeeiiom: (1) B. glaherrimus, ^‘Common on the niouutaJns aronnd 
the Kettle Palls [Columbia River in Washington | and ou Iht* Hot‘ky Mtiiiiu 
tains near the limits of perpetual snow. DotiglasT^ The Kelt le Palis sptM'iuKm 
is designated as a leetotype. (2) B>. AttsHnae^ ^Hlrevices of la,va vwk tamt of 
WilloAv Creek Valley [Modoc County] in Northern California, Mrs, IL M. 
Austin, 1894. Species evidently allied to B. though, very dis- 

tinct by its slender habit, snow-Avbite petals, and elongated luaul of aelienes 
The petals of B. glalerrimus, like those of many other BmitmouU, tiirn Avliite 
when they wither. The habit and head of aehenes are norinal for B. glaber^^ 
rimus. A review of the Herbarium'' Greeneanum in 1935 failed to rewal the, 
type ^^edmeii.IsoTYms: IIS 1466016 j NY ^UG. 

; '45 A. Ranunculus O'LAberrimxts var. elliptious. Greene, ¥l Pranul: 
.'298. 1892., E. ellipticm GreeneyPittonia 2 : 110., 1890.. R.:W'aldronU Lnriell 
Am. Midi 'Naty3:. 12.1913.,', 7' ' ' ' ' ■ v ' ' A'' V ^ 

Mountain meadows and' the' edge of' ■the''Grea't', Plains' .at l,500Ao' '3,000 
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meters elevation ; from Lv^tton, British Columbia, through the Great Ihisi ii 
ami I'lOi'ky iVloiin tains to Truckee, (hiliforuia, western M’on.taua, western 
South Dakota, ami (khorado; North Rim of tlie Grand Canyon, Arizona; Klo 
Arriba tk>unt\', New Mexieo. Western pine forest; plains j>“rass]arid. AiariJ 
to d!inta 

Tiffir. (•(illcrfions: (1) /f. ('lliptuyKs, “Lower and Aliddle inountain dis- 
t riris o{‘ (kdorado, LtaJi and Nevada to eastern California^’ Sinee there was 
onl\’ oiu‘ Calii‘ornia eolhaddon, the writer ])roposes it as a IjEOTOTYPK : W^!t 
fi'ravelly ,i>*round on road to Donner Lake [from Truekee) C. F. May 

lb, 188b. lidr (2) E. Waldronii^ “The type was eol],e(d;ed on May 14, 
Ihri, ill a moist pasture at Diekinson, Stark County, in tlie southwestern 
of t liis stat(^ I North Dakota ! . . , named in lionor of its first eollecder, 
Mr. Clar(‘iUH‘ 11, Waldron, . . Tlie type was kindly sent to the IJniYem 
sity ot Arizona for examination by Dr. C, O. Rosendahl of the University <r)f 
Minnesota. 

45 B. IvANUNcuLus GiWBERRiMUs vai*. REcoNDiTiis (Nels. & Miicbr. ) 1j, 
lUmson, Ann Joiir. B>()t. 23: 170. 1056. /A trvternatus A. Orav, Proe. Am. 
A<‘ad. 21: 370. 1886. R. rvcondUuyi Nels. & Maebr. Bot,_ Gaz. 56: 473. 

\h*rnally moist slo{)es at 1,0()0-1,200 meters; Klickitat County; Wasin 
inolon, am! near The Dalles, Ore^’on. Western pine forest (f). April and 
Miiy. 

Type eoUecfdon: “Klickitat Co., W^ashing'ton. Terr., on high hills near 
Goldendale, Howell^ by whom it has been distributed under the name erf ,B, 
,/Lai/rcfd^CAprii 20, 188,2. 

Rigmfieant speeiniens, id. L. Benson, Am, Jour. Bot, 23; 170. 1986. 

46; .'iiANirNaiTLUs vert,icellatus Eastw. Bot, Gaz. 33: 144, /. S. 1902. 

Known only from tlie type collection at Cape Nome, .Alaska (fide type 
s|)e(vin]en ) . Arctic-alfiine grassland. Summer. 

Type aMecHon; . collected at Nome City during, the flowering sea- 
son of 11M,.,)0.” “]'d,ants collected by Dr. P. E. Blaisdell at Nome City, 
,A,laska. ” 

47. IlANUNcniLus Jovis .A, Nels. Bull. Torrey Club 27: 261. ,1900. M. 
digihffuii Hook. Kew. dour. 3: 124. pL 4. 1851, not Gilib. in 1781, not Willd, 
n) 1842. /A orcof/rrac.sG,lree,ne, PL Baker. 3:,- 2. 1901. 

,,Mo.ist gronnd, of mountain meadows and near snowdrifts at' l,90CA3j,,0l)O 
tmd,(U-s tdovation; B’reniont C()vinty, Idalu); llavallali Mountains, Nevada; 
m>rihvvesi(»tm Wyoiriing ; Wasatch Mountains, Utah; Cerro, Southern, Oolo- 
ra<„lo. ,No,r,1,iier.u c(, ),i:i if erous. forest, April to J'uly, depending upon, latitude 
and altilmle. 

Tifpe eolieciioH^: (1) R. digitatus, “Hab.' in Roeky M,(,)iintams,,mar,'.Ei'^^^^^ ■■ 
ILiJL 4/r. lUivkvF (2) iA Jovis, type.no, is' 5817, collecded <>n' 4 
Thumlenu; Yellowstone Park, July- 13, 1899, by Mess,rs. ■ Elias ''Ne]so:i,i ,& 

N. Gooddiiig.” (8) fA Cerro Sxnnmit above, Ciinarron, f Jiitie, 

no. 50, ’ ’ C. M Baker. ■FWr 2430. The' 'disposal 'of . , this,, 'species,, shmild.,. Ire 
rcahiecked with the type. 

DuPAirrMENT OP Botant, XIniveesity of Arizona 
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STUDIES IN THE GENTIANACEAE: GENTIAN A, 
SECTION PNEUMONANTHE, SUBSECTION 

ANGUSTIFOLIAE 

Egbert T. Clagsen 
(with one figitre) 

The plants known popularly as Pine Barren gentians eonstitui(‘ a natural 
siihseetioii of the g'enns Tliis i>Toup is ('hara('tei‘iz(Ml by tlu' narrow 

leaves, the usually solitary flowers and the lou<>‘ e()rolhi-lol)es whi('li lai' ex- 
ceed the plaits and are either s] 3 i*eadinji* or reflexed. The suhstadional na!iu\ 
Aiicjustifoliaey ai:)parently introduced by Small (1933) without Itird in dia.u‘- 
iiosis, may iio^v be forinally described as: Subsectio Aiu/iisl rjohdc Sinall, 
sectionis Prieumonanihe, generis Gentiana, foliis linearibus, tloriluis Icre 
solitariis, lobis corollae loiigiSj sinus miilto excedeutibus, ant expaiidcntibus 
aut refiexis. Other species of the section have liroader leax'cs 

and the corolla either cylindrical or, if iufxindibulifoiau, w'itli th(‘ lol)es more 
or less erect, not widely spreading*. 

KEY TO SPECIES OF SUBSECTION ANOTISTIFOIUAK 

A. Stamens and pistil usually equaling the tube of tlie eorolla at time of 
aiithesis; corolla blue (rarely pliih or white) dotttMl with grtHOi on 

inside of tube; plants tall, 1.5-4 dm. high 1. Gb porphiirin 

AA. Stamens and pistil one-lialf to two-thirds the length of the corolla tula' 
at time of aiithesis; corolla white clotted with green on inside of tulK*; 
plants relatively low, 1-3.6 dm. high, iismilly 2.5 dm. or less 2. Gb pvnHclfiitna 

1. Gentiana porphyrio J. P. Gmelin, Syst. Nat. ed. 13. 2: 4()2. 1791. 

Qentiana purpurea Walter (not Linnaeus, 1753), FI. Car. 109. 1788. 
No type is extant. The original description designates the corolla as in- 
fundibuliforin, lively pni’p^© witliin, the stein simple and tlie leaves liinqir. 
Except for the color of the inside of the corolla, this diagiioHis fits the (‘oin- 
mon Pine Barren Gentian. The color discrepancy is troublesome, fart tlierc* 
seem to be two possible explanations for tliat, Walter may liave had a sfiecd- 
men of the pink variety which is now known from southeastern Nortli ( hiro- 
lina, or he may have based his notes on an herbariiim sjX'cumeu vvhi(4i ha,d 
faded from blue to purple, as frequently happens in dried iiiateriah In an.v 
ease, there is no other species of gentian, known from the Carolinas today, 
which has an infiuidibnliform corolla, truly linear leaves and a simple steim 
Further, regarding the color, both Elliott (Sketch Bot, S, (J. & Ga., 1: 341, 
1821) and Darby (Bot. So. St. p. 436, 1791), clearly referrnig to the samc^ 
plant as that under discussion, stated that the corolla is blu(‘ iingcal wiih 
purple. Since Gmelin ’s G, porphyrio is simply a new name substitutcMl for 
Walter's G, purpurea because of the earlier homonym of Liimacns, applic'u-' 
tion of the epithet porphyrio mmt rest on interpi''etati()n of WaJt<'r's spcMuc's. 

Geniimia angustifolia Miehx., EL Bor. -Am. 1: 177. 1803. Dc^sca-ibed fi'om 
meadows of lower Carolina and said to have narrowly linear haives. 

Basystephana porphyrio (J. P. Gmelin) Small, PI. S. E. ll S., 931. BK)3, 
Geutdana Sioneana Pernald, Rhodora 41: 555. pi. 579. 1939. The tvfe 
speenmen, in the Gi^ay Herbarium, is illustrated in Kh()(l<nu It is frcmi a. 
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and arji‘i!laeeoiis tliicket north of Factory Hill,” Nanseniond Co., 

\ n.^^Fcruifld a )ul ijong no. 9611. Ar<>‘imieiit for this new naine rests on tlie 
tliesis tliat WaJter^s desc]ij)tioii, on which depends tlie ap|)ljcation of G. 
por jih yno Cruel in, reall\' ap|)lies to another species of which speeiniens are 
listcMi f rom Soi!tlmMi|)ton (Jo., Va., Beaiifort (Jo., S. (J., and eastern N. C. 
Fxaiiiinal ion of this nuiterial in(li(tates that tlie leaves are not linear, nor are 
t!n‘ corollas truly inriiinlibulifonn. These plants belonjj,’ to (/. parvifljlia 
(Niitl.) Brit ton, not to G. purpurea Walter* Althougli the flowers of the 
Bine B>a!‘rtMi Cc'ntian are distinctly fiinnelform, a fact attested by many 
authors, as Siuall (1933, p. 1052, 1054), Fernald wrote, find niyself cpiite 
incaipalrle of believing’, wlien Walter described a plant with infinidibuliforni 
corolla iiv<4>' purple within, that he referred to a plant with rotate azure- or 
indi.u'od)lue flower.” On this basis, Fernald renamed the species. 

Slender |>(u*ennial, 1.5-4 dm. lri«‘h from a cluster of several fibrous roots 
whi(di ai‘e 1-4 mm. thi(-k; basal leaves narrowly elliptic, 1-4.5 cm, lon^’, 6-7 
mm. wide ; (‘auline leaves linear, acute or obtuse, with the marj 2 :ins somewhat 

lau'oliittx 0.7 6 cm. lonj^‘, 1-4 mm, wide; flowers usually solitary and terminal, 

rarcdy two or three borne on pedi<'els in the axils of the upi)er leaves; calyx 

2 3 (Ui. lon^’, with the tid)e {).8-1.2 cm. long* and the lobes linear, acute, 0.8- 
2.f3 (MU. long; ('orolla fiiitnelform, 3-5.5 am, long with the tid)e 3.0-4 cm. long, 
gi‘eenish blue on tlie outside, blue spotted with green witliin ; |)laits lacerate, 

3 6 mm. long, deep blue; lobes 1.0-1. 5 cm. long, spreading or reflexed, deep 

blue, spotted with green below; stamens as long as tlie corolla tube; anthers 

ytdlow; iiistil 2.5 3.5 (mi. long; stiginatic lobes reeurved, 2-5 mm. long. For 

an ex(*ellent d(‘S(U‘i])tion of the color of the flower, see tlie account bv Pennell 
(1916). , ■ ’ ’ 

Gtynilana porphyrio is a plant of the Atlantic Coastal Plain, ranging from 
Monmouth Coiiuty, New Jersey, to Florence, Floreiu^e Gounty, South Caro- 
lina, and inland as far as Hartsville, Darliiigtoii County, South Carolina, 
Alxuakam, Scotland (Jounty, North Carolina and Phiyetteville, Cuinberland 
C(>unt\', Nortli Carolina. The characteristic^ habitat is in sandy pine barrens, 
wluu'(‘ tlu' plants may occur in situations rangiiig frotn the dry pine wxiods 
t:o moist (leaty depressions. Data witli one eollection from near South Quay, 
Nausemond Coifnt>y Virginia, indicate that the plants were growing there 
in hard gray (4 ay. 

Specimens seen 9 N(irthernnH)st— ])iiie woods, Mcinnioiith (lo., N. J., Tor- 
rev* Hcudmri'um (NY) ; eastcvriimcist—Manahawkeri, (3ce Co., N. J., Bayard 
i.any (CH) ; w{Nst(uauii()st— Ilartsvi Darlington Co., S. C., /. B, Norton 
.hid (BS); s()iith(nuinu)st“l() mihxs east of Phrrence, Floiauu'e Co., S. C,, 
A. X. Leeds (PH) ; oldest — Sept., 1814, Batsto, Burlington Go., N. J., 
(‘X litnl). F, J, Bnmsiead (Corn) ; no. of collections seen— 61. 

flow(*ri ng time is earlier in the north and later in the scuith. From 
a stndv' of data, on herbarium sheets, extreme dates for flowering specdinen 
in N(nv J<‘rsey are Septcunber 1 and October '28 ; in^NorthJJarolina, :0(:dx)ber' 
11 and Dcveiuber 15; and in South Carolina, Ocduber 25 and Ncwe 4. 
Probably flowers may be found in South Carolina much later than is indi- 
niiad here, but at present few eollections are available from that state. 

‘ of hcM-baj'ia arc abbreviated as; (Com) Dept, of Botany, donieli irniversUy ; 

((HI) (}ray Ilerhai-ium, Harvard TJaiversity; (NY) New York Botauiral (lardcjn; (PIi) 
Aea<i«nny of Natarul Hc^icnces of Pliiladelpliia j aad (US) Uiutod Statvs National 
nc‘ri>ariutn. 
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Tlie most notable yariation is in the color of the flowers, lliese \'ary tVom 
deep blue to pink. I have seen the pink phase in tiie ^’arden of Mrs. J, M. 
Henry, (Tladwyne, Pennsylvania. These plants {*anie orijj^inally I'roin neai* 
Wilmington, North Carol iiia. 

Information on the cytology ajid breeding relationslii j)s of* this specit^s is 
still lacking. The chromosoine number should be dettunnined for plants from 
various parts of the range, also for botli typi^'al and })ink-flowered siieCnnms. 
Geiietieal studies should inelude experiments to (letei’uiiue the dc'grcv' <d* 
compatability witli G. pennellum^^ 

According to Pennell (1916) the oldest illustration was |)ublishe(l in 
1758, in Edwards’ ‘‘Gleanings of Natural History, vol. 5, 1.98.” An exiod- 
lent colored plate appeared in Addisonia, vol. 1, 1916, ])late 35. 


2. Gentiana pennelliana Pernakl, Rhodora 42: 198. 194t). 

GeMam Ma Groom (not Miihl. 1813), Am. Jour. H(^i. 25: 69. 1833. 
Diploma tenuifoUa Raf., Flora Telluriana 3: 27. 1836. Tlu‘ TYi^m {it, tlu‘ 
New York Botanical Garden, was collected in Florida, in 1832, by M r. Ci*oom. 

DcLsystephana tenuifoUa (Raf.) Pennell, Bull. Ton*. Pot. <iuh. 46: 183 
1919. 

GenMam tenuifoUa (Raf.) Feniald (not Petrie, 1913), Rhodorfi 41: 557 
1939. 


Slender perennial, 1-3.6 dm. high, from a (fluster of seveixd fil)i'ous roots 
which are 1—4 mm. thick; leaves linear or narrowly ell iptic-tiuear, {icuti^ oi' 
obtuse, revoliite, 0.5-3 cm. long, 1-3 mm. wide; flowers usually solitjuu' iunl 
terminal, rarely two or three borne on pedicels in tlie axils of t!ie upixu’ 
leaves; calyx 1.7-3 cm. long, with the tube ().7~1.() cm. long and the lobes 

linear, acmte, 1-2 em. long; corolla 4.5-6 cm. long w^itb tlie tube 3.5 4.5 c-m. 

long, white dotted with green on inside, greenish white on outside; jtlaits 
lacerate, 3-10 mm. long, white; lobes 1.2-1.8 cm. long, <>vate--e!li|>ti(o spread- 
ing, white; stamens one-half to two-thirds the length of the (‘orolhi-tnbe at 
time of anthesis; pistil 2.5-2.7 cm. long; stigma tic lobes sliglitlv siitamditn*’ 
1 mm. long. 


^ pennelUaiui is a ])lant of very limited distribution (ui tlie lAist 

Gulf Coastal Plain in western Florida, raiifrins frotn Wakidlu (!oiinly west- 
ward to_ Walton County and northward to Gadsden Connly. 'I'lie lialntal 
usually is moist places in low pine woods. 


bpemnemmen: Northernniost— low pinelands near Wetiimpka, (laxlsdeii 
Co. J Ii. Small, (it al. 10987 (ISIY) ; easternmost— flatwoods. Newiiort, Wa- 
P n westernmost—Point WashiiiKtoii, Walton (!o.. 

C. V. Mell (Uh) ; southernmost— Apalachieola, Franklin Co., nutmarr fl, r- 
lanxm. 467h (GH, NY) ; oldest— 1832, Florida, Croani (NY) ; no of coll, s- 
tions seen — 21. 


The flowerino: time, as determined from the data on herbariuin lalmis 
extendsfromlateOctober to January. No noteworthy variations in Ihe <-,olor 
of the eorolla are known In the herbarium, the flowers may become brownish 
As interpreted by the descriptive taxonomist, (hiitwna porptnfrw a,nd 
&. penmllmnaare distmet species with both morphological and M'oofrrapbical 
dise(}ntinuity. Genetieal dise()ntiniiity must yet be dcmioustriiUxl. 
^IDistmtions: ^ee &giire L 
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I, (rmliana penmjllmna Fonuild. Specimens collected by (/hnpinan in Floj-idju 
Sl!(}i'‘t: in V, B. .ller'harium; no. ■59697. 

SXTMMART 

Tile Siibsei'tiori. of Oentianaj Section con- 

1:vwo 'S|>eeieH 'wliieti are ■distingiuBhed by' several, ebaraeters: Tlie p)roper 
name for th,e bliie'-fl'Owerecl BpecieB m (hniiami porphyria, 

Bailey Hoetorium and' Depaetmeht- of Botany,, Cobnfli/University , 

■ Ithaoa, , New' 'York ■' ■ 

Literature Cited 

l^eanoll, F* W. 1916. /MA 7 /^‘L?|';/waa Addisoiria 1 

Small, J, K. \i)X\. Manual of tlie southeastern flora. New York, The Science Press 
Printing Po., p. i-xxii, 1-1554. 

Yotm; — S inc(* the above was written, the writer has observed in tbe pine barrents of 
New .L'rsey whitedioworod ]>bmt8 of 6?. porphyrio, Butnors are also current of the pink- 
dtHV(*re<i j)hns<‘ in New Jersey. 




THE SUCCESSFUL REVIVAL OF NOSTOC COMMUNE FROM 
A HERBARIUM SPECIMEN EIGHTY-SEVEN 
YEARS OLD 

Charles B. Lri*MAN 

Tile author’s iiiterest iii the long'evitv of microor^’anisuis as iiulieafed hy 
a number of published studies has led liim to seaiH'h tor old iiiiit(‘rials ol 
appropriate kinds from many sources. Amouj>‘ otlier sources ^\'lu(dl ap- 
pealed to him as interesting and useful for obtaining material oi no giaait 
age, and yet of sigiiihcant age and authentic dating, was herbarium inat(‘rial 
from the eryptogamie collections. Througli the great kindness oi Docdor 
Francis Droiiet of the Field Museum of Natural History, it was possilbc* lor 
me to obtain speciinens of several algae from such a (a)ile('tion. These algm* 
were inoculated into sterile Detmer’s solution in Erlenmeyer flasks. Tlie 
cotton stoppers were protecded from dust bv^ jia.per (/a|)s. in most ('as(\s ilie 
material taken from tlie herbarium sheets was very s<?ant\' and it consisled 
of desiccated fragments or scales. In the period of more tlnin two yvai’s 
during wliich the eultiires were maintained on a table in tlie lalioratory, onl\' 
one culture, namely one of Nostoe commune Vam'li., develo])(Ml growtii oi' 
new masses of the organism as will be related below. During the imntbation 
of the cultures the temperature conditions were not controlled, but varied 
from night to day, and from season to season as is (duirat'teristic of a labora ' 
tory at Berkeley. The extremes of tempeiaitiire to wliieb the eultures were 
subjected were approximately from 14" 0. to 30" C. Tlie iiglit was mostly 
that of indirect sunlight from a soutli window, but iu the wintiM* months was 
supplemented by light from a lOO-watt lamp during most oi* the da\‘ and 
night. 

The specimen of NoHioc whieh was revived and prodnt'ed vigoiams iu‘w 
growth was derived from the collection of 11. Royers, now a part of the tad* 
lections of the Cryptogamie Hci'barinm of the Field Museum of Natuiail 
History, Tlie label on the original siieciiuen is as follows : 

Nostoe c()niiniine Vanch 

Germany : Zwischen Naimiburg iind den Sperliiigslnilze, 

Preussem 26 Juni 1853, 

C. Sehliephaeke 

From the material of this specimen donated by Dr. Dronet the first cul- 
ture was prepared on the 1st April 1939. A small amount of the mat(M'ial 
was used in this culture, the balance being reserved for later inoeulations. 
Growth was firet noted in this culture on the 15th October 1939. This growth 
manifested itself by the appearance of dots of green on the original material 
and these green dots always showed bubbles of gas ]irestmmbly oxygen from 
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photosynthesis. It is wortliy of em]>lia.sis that it was always directly from 
the' old nuiterial tliat the j»’reen dots and tlie j.»‘as bubbles arose. Microscopic 
i'xaniiuatiois sliowed typic'al cells and other structures of Nostoc conifiiune. 
'rh(‘ lon.u* p(‘riod of ex})()sure of the ori^'inal Nosfoc inaterial to tlie cultiire 
solution ludbre j^-rowtli devel()|)ed is particularly noteworthy and seems to be 
cliura('1(‘risti«/ as will be shown, below. The result obtained witli the iii*st 
inoculation thus indicates tliat Nostoe commune may be revived after re- 
maining in a desiiuxited state on a lierbariiun sheet for eijj^hty-six years. 
This (inclusion need not be allowed to rest on one observation alone, how- 
even*, as the followinjt’ discussion renders clear. 

A s(Mmnd iiuxuilation from tlie same source of Nostoc material was made 
on t he 20th rJuly 1939 with exactly the same teelinique as that employed in 
tlie first inoculation, in this milture the first g’rowth noticed was on the 1st 
flum‘ 1940 or about ten montlis after the inoculation was made. Again the 
first e\udence of growth manifested itself by the appearance of small dark 
green dots or tiny |)a,t(-hes on the old material, and gas bubbles were easily 
dis<M‘rnible. 

Wiien the secumd citlture developed growth, I decided to try a third 
inomilation. This was done on the 13th July 1940. On the 4tli February 1941 
growth uns fii*st noted in tliis c;iiltni*e. Microseo])ic examination in this as in 
tin* fii'st and the secumd (uiltures sliowed tyiiical Nodoc eonmiime cells and 
cliains of ('ells. This third culture proves moreover that the dried Nostoc 
nuitiudaf may withstand desiccation for eighty -seven as well as eighty-six 
years. How ranch longer such material can withstand desiccation and other 
untoward conditioms on a herbarium sheet can of course only be ascertained 
by (‘ontinued experiments of this kind with the original lierbariiun inaterial 
as long as that can be spared.^ 

Of tlie otiier algal specimens tested by the same technique none have as 
yet shown signs of life. These algae included other and older specimens of 
'N'ostac us well as other forms of blue-green and of green algae. In this re- 
gard, however, it is important to note that there is very little, if any, infor- 
ination at Imnd relative to the treatment which different specimens in the 
same herbarinm retudved. For example, if fumigation or other methods of 
preservat:i,on,!iad beeii employed, th.e speed, mens can liardly have survived in 
living form, unless the poisoning technique had been ineffective. It is doubt- 
less true that some specimens of cryptogams had not been subjected to 
poisons at all, wliereas others may have been treated drastically. In other 
words negative results; such -as,' those mentioned /above remain iincler The 

1 Shu'o thin piqxx- vvns stxit to tlie printer, a fourth culture of Nostoc, made from tlu^ 
Hauu^ herUnrium Hpcx'imen, has diwxiloped good growth after an incubation period of nearly 
riv(‘ moulliH. In addition, a (mlturc of Ambaem oseillanoidci^ from a Fp<urnnen 74 years 
(dd has after an incuhatiou of nearly two years just begun to show (/haracteristic'. cells 
and ('haius of cells. 



666 


BULLETIN OP THE TORREY CLUB 


[VOL. VhS 


eirciimstaii(?es indecisive, relative to the Jon^’evity ot tiie alyatv w’liiM'eas a 
positive result siieli as the one here reported for Nostoc is elearlx' diudsivtc 

Tiie writer’s search of the literature does not reveal, thus tar an\' <uises 
of gTeater longevity for algae than the one reported above, (hud a in seeds 
have, however, been sliowii to possess greater longevitw For tvxaiiiplcu tia^ 
viability of seeds at the Kew Gardens aftcj’ one hundred and 

fifty years, and of seeds of four or more orders in Paris after one hiiiidr(‘<! 
and fifty-eight years as reported by Beecpierel are well known and de<dsive 
so far as they go.^ The reports of Ohga regarding viability of seeds of A c/ ano- 
hium from a peat bog in Manchuria after an estimated foni* luindred }'ears 
of inactivity are also to the point but not decisive Iietainse of the iiiK'ertainty 
in the estimate of the age of these seeds. .All these observations are in strik- 
ing contrast to those which I have published on the longevip’ oi* liacteria, 
which aj^pear, at least in some instances, to live indefinitcdy in a state oi' 
suspended animation. Of course, the observations on algae are still quite 
fragmentary and therefore do not make as satisfactory a (U)m|)arison with 
those on bacteria as we should have. But the observations on scum Is a iu* in 
another category. They indicate quite strongly that seeds do not sinw'ivt* tlu^ 
ravages of time and untoward eonditious nearly as well as ba<d(U‘ia. Idds 
subject, however, will be discussed more fully elsewhere. As regards tin* (com- 
parison of algal material and seeds, it may be launaihed that tlie latter \\‘ould 
seem to have the advantage over the former in resisting desi(c(cHtion nnd 
other untoward conditions by reason of the protection to tlie embi’>u) far- 
nished by the seed. Such protection is especially great for* exMm|)le in tlie 
ease of NeUmhiiim. The bits of algal material in a lierbarium siieccimen on 
the contrary are completely exposed to the foiuces of tlie envii'onnient. 

SUMMARY 

Nostoc commune Vauch., from a herbarium s|)ecimen, has bfuui revived 
and made to grow luxuriantly in culture solution eight,\'-six and cngtity- 
seven years after it had been collected and placed in tlie herbaiuum. 

The University op California , 

BerkeijEY, California 

2 See the excellent review by J. H. Turner, Kew Ilull. 1933: 257-:^(i8, 



BREEDING WORK TOWARD THE DEVELOPMENT OF 
A TIMBER TYPE OF BLIGHT-RESISTANT 
CHESTNUT: REPORT FOR 19W 

Artiiitr Harmount Gravies 
(with one figure) 

IMie seRNOM oi' 1940 was the poorest for effective cross polliiiatioB of the 
cliestont tliat we have experieBcecl since we began the work in 1930. The 
s|)i*iiig \vas abiiorinally eold, and eontiiiiied so into the inoiith of JuJy.^ 

Tile t-old weatiier liad the following* im])ortaiit effects: 

1. B^lowering was delayed. Usually, with some exeeptions, all species 
jind hybrids liave finished blooming at tlie Hamden (Conn.) Plantation 
liy July 15. (Of (Mivirse, witli the everblooming* Castanea Segninn and some 
of its }i>’]n*ids, flowering often continues up to frost.) But in 1940 some 
flaparicsivAnierican and other hybrids were still in flower on August 1, and 
a few Cirinese trees (C. moZ/mfma) were still in their prinie at this date. 

2. J^lie aliove statement aiiplies to those flowers tliat niatured. A|)par- 
ently on aiR/ount of tlie cold, some of the pollen bagged for crossing never 
matured, and many of the pistils bagged for crossing dropped off in the 
bags, botli before and after I'lollination. 

3. After crossing, fertilization did not result as regularly as usual. Many 
burs devel{)])ed partheiuicarpieally, containing no embryos. It is possible 
tliat tlu? iiuusual dryness of August and September played some part in this. 
We Hhoiild bear in mind that only a ex)mparatively short time is available for 
the chestnut to develop its fruit and ripen its seeds, as compared Avith the 
mueli longer period that oaks and hickories have, 

IXILUEN RECEI VED IN 1940 

Pollen of tlie chestnut was received toward tlie. end .of June and in early 
rluly, from several institutions or persons whose cordial cooperation we take 
pleasure iu ackiiowleilging. Lack of space prevents us from iniduding all 
jh(ur uajucs in this 

I Brook I y n Uotju ie Garden Coiit ribtitions, No. 95. For a statement of tlie purposes 
iind u. brief nndevv of tbe work, see Bull. Torrey Club 67: 773*-77. 1940. Recxmt aimual 
r<UK»rtH have Ixam publislied lu the Brooklyn Botanic Garden Beeord, as follows: for 1936, 
26:,47-n){); for 1937, 27: 44-65, * ■for'a938, 28:.52-60j for 1939, .29: 'dS-OS; for 1940, ';30: 

87-92.h ^ ■ ■ 

' ' ■ a ThcCnaxvrds at ^ the XT. B. Weather Bureau .'In New York City .give . the .inmmun^ 
UnnpiM’ature on July 4, 1940, as 58®. This was the same as the maxiinum temperature on 
Doeemher 25, PM (),' namely, 58®; literally, as '‘cold as Christmas.'’ 

a compkdv list of donors of pollen in 1940 appears in the Annual Beport of th(5 
lU'ooklyn Botanic Garden for 1940, Brooklyn Bot. Gard. Bccord 30: 88, 89. 

6B7 
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The soiiree of the pollen received from the Stark Bros. NursiM'ies, a I 
Louisiana, Missouri, is of such ^•eiiera.l interest tiiat we shall state it brieilx’ 
here. In the settling of tlie estate of Mr. Ijutlier Burbank, tln^ Stark Itrus. 
Nurseries took o^a^r various pla, lit material there. IBit I shall lei their hdler 
speak for itself : 

‘^AYheii we took over the Burbank ^-rounds there were altont odU 
trees in one row. They liave since been cut down siiua* M rs. BniTank is usinp 
the g'round. HoAveverj before takiujj:,* theiu out we seleet(Ml some of t in* most 
vigurous seedling trees and transferred them here to our grounds in Missouri. 
As a result w^e have about 10 trees here which arc' about 8 yc'ars old at this 
time. I have selected about 5 of these trees as the most \’igorous in tlie lot 
and the catkins you received are from these trees. We will l)c intca-esBal in 
liearing of any results .\nii obtain. 

‘ ‘ Assuring you I am glad to be of ser\^i(‘.e., I am 
Sincerely yours, 

( Signed ) (I len n Tiiomas 

Specdal Servi(M‘ I )(‘pa id mcMit 
Stark Bros. Niirsi^ides' ’ 

Earlier in tiie letter Mr. Tliomas lias this to say in response to a: cjnestion 
on tlie pedigree of tiie trees bearing the jioileii : 

liave been going through some of tlie records whicdi wc‘ have inua' and 
I find that back in 1884 Mr. Burbank imported some Oriental cdiestmif 
seedlings from Japan and some European seedlings from Italy, and at the* 
same time obtained some samples of chestnuts from tlie eastervn United St«it(*s 
and also some Chinquapins. According to the records these sends were:* id I 
hybridized back and forth in such a way that Mr. Bnrlmnk said all of his 
ehestniits had a most coniplieated ancestry. I find in the reenrds tluit at first 
he was chiefly interested in getting from tliese (U’osses a hybrid whi(*h would 
produce a large, sweet nut, also a tree wliich would grow' fast and bc'ur young. 
Then when tlie ehestimt blight became an important factor in tlie east Miv 
Burbank'S records indicated that be found ‘Jiybrids of mndain Otdtmtal 
strains wdiich appear immune to cliestiiut bliglit.’ How he aiTived at this 
conclusion I do not know, except that some of liis liylirids may lia ve been send 
east for testing. I do not believe at this time there was any cbc'st lud blight 
aiiywliere near California. 

^'Mr. Burbank’s records state that he found crosses between the Orimrlal 
Chestnut trees from Japan and our native Chinquapins werc^ the most resis- 
tant to ehestimt blight. No doubt his later breeding experiments were* con* 
eentrated on these mosses. ” 

We made many crosses with this Burbank pollen, but tlie most iniiiortaiit 
was a cross on our most resistant Japanese, from whieli obtained 5 nuts. 

HYBRIDS OF 1940 

As a result of the season’s work we harvested 401 nuts, as against 767 in 
1939 and 930 in 1938. Twelve of the combinations from which w<‘ obiaiued 
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nuts ar(‘ innv (o scntnu-e, luaking' a total of 48 new hybrid eomblnations made 
slurp \vi‘ bp<i‘aii tills work in 1.930. 

1 poll la ins t h(‘ list of tlie hybridizations in 1940 and the iriimber 
t»} nuts rt'snltiny. All tiie liybridizino' work was done on the trees on our 
own lOantaiion at Hamden, ( -oniieetieut. As iisna], the name of the female 
|)af‘enl is .u’ham lii^st. Those (*ombinations whieli are new to scienee are ])re- 
by an asterisk. The numbers at the left, in parentheses, correspond 
u'il ii I he nnnil)er{‘d notes which follow. 

TABLE 1 
Hybrids of 1940 


No. of Nvits 


( 1 ) Cn.'iUinrn crcnafa x < ‘ 'Burbank ’ ’ 15 

(i3 ) C, ermoia x C, drnUita 47 

C. erenaia x C. floridana H 

(5) C. irmuta >; C. pumila 6 

(4) (k m'/ui/a X (f’ X />) 1 15 

(5) d tk errnata x {C x /H ] X | (6‘. moKis.sima x 0, l^ryiiinii) x C. erenata] 1 

(4) (C yAi>) xC, ernuita 8 

(fhy: 1)) X C. pyndana 1 

(0) ff' x f)) X (Cx D) 39 

( 7 ) ^(C X /> ) X I ( € X I ) ) X 0. denlata] 8 

(8) * (0 X D) X 1 (0 X /I) x (V X })) ] : 51 

(9) ^i(^\I)) y:{(^yJ))\x(CxD) 1 

(.10) (/'. erauita x C. midlissma) x U. dentata 19 

{(K vrtoiata x xG.dcntata 3 

(11) (I ilrniafax 0, erenata •. 5 

(12) (K iO'nfafxixC^MoUimma 10 

(13) * {(I (leidaUix €, inoUissima) X (C X D) 2 

(14) (<\ dentnio x 8S’) x 6\ erenata 3 

( 15) ^ (H denlata X M) X Cl mollmima 32 

(10) *((l dentata xSS) X (OrerenaiaxSS) 6 

(/IP) (I mollfssimax (C x l)) 38 

(U. mollissima x (I Be^iuinU) x Cl dentata 2 

(U. mollissma >< Cl Bcguinii) x (0, moUissima x C, Seguinii) 20 

SS \ Cl moUissima 1 

* Bs X Cl ncfflveta, 3 

(20) (BB X Cl erenata) x (I dentata 16 

*\bs V. Cl erenata,) Xs Cl negleeta 1 

(BH :< (I erenata) x (B8 x C. erenata) 3 

(BB X Cl erenata) X (G» erenata X BS) 1 

* (BB h (.1 dentata) x (Cl moUusma x 0. Segninii) 2 

Cl BegmwiixCj,dmtata elom fbEverbearing'^' 11 

Total .....i 401 


* Cl X It erenata xC .dentata, ■ ■ ■ 

BB^ oiio of the Van Fleet liybtids, is apparently a combination of G. ' erenata' 'and 
C, pumila, T})(» 88 ’s in our plantation are from open pollinated seedlings of S8. 

(1) This iiuiiudes the cross with the Luther Bxirbank pollen mentioned 

in the text* 

(2) We try each, year to make more combinations of disease-resistant 
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Japanese and denfata. Most of the crosses tliis year we made on our f\)!lv 
Japanese seedlings of 1930 (fig. 1), using denUiU ]K)lieu sent ns by Messrs. 
E. J. Grassiiian, from Elizabeth, N. J. ; J. C. M.cl)aniel, tr()iii Idninessee i)r. 
G. A. Zinimermaii,, from Linglestowip Penn.; and Joseph ^St. John, irom 
Monroe, N. Y. 

(3) This cross was made with the ])urpose of finding <)iit ex|)eriimmla!!y 
what is the eompositioii of Dr. Van Fleet’s hybrid ‘bS8. ” i*'**"^ gem^rally 

been, supposed to be the result of a cross of (h crt'HdUi and M punitla. 1 Ids 
year Avas the first time that C. pmmla has bloomed at our^ l)lantation,^ tlie 
plants haYing grown from nuts sent ns in the fall ot I93i), by Mi*, it. 1:>. 
Clapper of the Division of Forest Pathology, from tiie U.^.D.A. niii‘seri<*s 
at Bell, Maryland. 



Pig. 1. Castmiea erenata, 10 years old, and (according to r<*Hnlts of huunilationH) 
entirely disease resistant. Note low, tnisliy growth elijii'acteriHtic erf the Hp(!eieH, jjIho gcHal 
crop of large burs. Some of these are the result of crossing with ttie Btirliank ;{>olI(nu 

(4) A cross of one of our Plaiumond Japauese-Aiuei'icans (IIM A 31) 
with our most disease-resistant Polk Japanese. 

(5) This rather eonipJicated cross represemts two younji; hybrids (in 
brackets) whieh bloomed for the first time in 1940, at the age of three years, 

(6) Represents a continued effort to get a good sni)ply of F 2 ’s by cross- 
ing together many Japanese-Amerieans, 

(7) The pollen parent in this combination has grown from one of the 
first nuts we secured from crossing our Japanese-Amerieans. The first of 
these bloomed in 1934, at the age of three years. This was crossed with 
dentata -pollm, received from the Division of Forest Pathology, IT.K.D.A., 
at Washington, D. C. One of the trees resulting from this cross, namelv, the 
pollen parent referred to above, bloomed this year at the age (tf six vears, 
but with only staminate flowersd These were used to pollinate one of our 
good J apanes e- American hybrids— a cross of a Japanese owned by the late 

^ For a photograph of this hybrid, see Brooklyn Bot. (lard. Borord 30: (if!. 1!)41. 
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Mr. I>(‘(*k!iuiii WiiitliTo]), of Old Westbmy, Long Island, and (7, dentaia from 
Wasliingion, I). (!., made by us in 1931. The residtiiig nuts from this cross 
re|KrestMi1 a new (combination. 

(8) Idle Scirm^ Wintljrop Japanese- American crossed witli pollen fi’oin 
an V 2 fla|iaiu‘se-Arneriea,n, resulting froin a cross of two Bmith era])aiiese" 
A!m*ri(caus in 1936 and blooming this year for the first time. This cross gave 
a {larihmlarly rruitfiil yield — about Jtli of our entire crop. 

(9) The r(‘ci|)ro<'al of the last, but here the j)istil parent was young (3 
\’ears) aiul (>nly one nut resulted. 

(Kl) The |)istil jiarent here is habitually a very late bloomer, given to 
us liy the l)ivision of Foi‘est Pathology, U.S.b.A., in 1932. Pollen of dmtata 
fi‘om wild trees was sent to us by Mr. Philip Smith, of Pawling, N. Y., arriv- 
ing as late as July 19, in most years too late to be of service. But in ihis 
unusually late season this Japanese-Chinese liybrid wa>s in its prime at tliis 
dat(‘; liene(‘ the eross produced a good yield. 

( 11 ) l^he dentaia {larent is tlie same as that mentioned in my report for 
1939.*' Idiis year, obviously very nearly at the end of its life, it had many 
{>istilhit(‘ llowers whi(c}i were crossed with our most resistant Ja])anese, but 
(>uiy five u tits were gathered. 

(12) As was done last year, the American parent just mentioned (note 
1 1 ) was (U'osscrI with our most resistant Lliinese. 

(13) The iiistil parent is the result of a eross of wild deniata trees at 
Half Hollow Hills, in tlie townsliip of Huntington, Long Island, N. Y.^ using 
pollen of (K midlisHma sent from our Hamden phuitatiou in 1935. It was 
part of* an (dfort made that year to see if by using as the female parent the 
Aiiiericaiu (diestnid:, instead of the Japanese or Cliinese, as we had always 
done before, any difference in the character of the offspring would result. 
As far as we ('.ail (leterniine, the character of the female parent makes no dif- 
fet*eiice in this cross. The deafah/ stock is incompleteiy dominant in both 
caises. Tlie Aniericaii-Cliiiiese hybrid was, therefore, five years old in 1940 and 
was (crossed with one of our best Japanese- Americans, the. latter being the 
result of a cross of a Japanese chestnut on the estate of Mr. eJohn Minturn, 
Oyster l^jiy Cove, Long Island, with deniata pollen. That Japanese tree is 
still in fine condition and is one of the best now living in the region of New 
Yoi’k City; Only two iiuts were secured from, the eross this year,, but since 
tlie (U'()SB includes so many good elements it will be tried again next year, 

(14) The pistil parent is the result of a cross on the native ehestmit 
shoots, at Half Hollow Hills, Huntington, L. I., in 1935, using;,.S8 pollen 
from our plantation. Tlie hybrid was crossed this year with pollen from one 
of ' our best Japanese trees,; -for we- have ' learned, that the SB's in' our 
plantation, although precocious and prolific, are not as disease resistant as 
could be d,esi.red. 

- (15)' Another dcataiJaxSd ’.resulting froni.a Longvlsland, cross '.(see 'notes 
14 and 13, also report for 1935®). This hybrid bloomed the first time in 
1938, This year it was crossed with one of our best mollissimas, With^ 
results. The nuts' -have' a p,romising pedigree. 

(16) Another deatalax 88, with a history like that of the preeeding, 
(crossed with a 1935 hybrid of a good Japanese and 88, The Japanese grew 

Bull, Torrej Club 87; 770, note 5, 

Brooklyn Bot, Card. Becord 25; 68, 87, 
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from a nut obtained from the vicinity of Kyoto, Japaii, througli Dr. (J-. M. 
Eeecl, of the Brooklyn Botanic Garden, in December, llKll.* 

(17) A fourth X /S'.S, with a history sinhlar to that of the ]ire™ 

ceding* three — this one crossed with the liybrid resulting I roni the back (U*oss 
of Japanese- American with dentata, described in note 7. 

(18) Kesistant crosstn] will) some denial a polleti sent us b\‘ 

Dr. G. A, Zimmerman, from Liiiglestown, lAoim, througli Miss llihla 
Vilkomerson, and also by Mr. Josepli St. John, from Monroe, N. Y. 

(19) This represents a continued eftort to incorpeyrate inoiH" of tlu‘ ri'- 
sistanee of the mollissima stock with the Japanese-Airu^rican liybirids. 

(20) 88 xC. erenata contains no dentaia in its constitution. It is ihirly 
disease resistant; hence this cross with 0. dentata. The dentaia pollen us(m! 
came from Elizabeth, N. J., sent by Mr. E. J. Qrassman, 

COOPERATIVE PLANTINGS 

Because our own available land at Hamden, (lonuectitmt is now fairh' 
well stocked with species and hybrids, we are extending our plan of i‘s- 
tablishing cooperative plantations on land of responsible persons inter(\st(‘d 
in bringing back the chestnut tree to North America. The trees growing in 
the first three of these cooperative xilantations are listed in our 1989 rt'pori, 
but plantations are now too numerous even to name liei*e. During 1949 W(‘ 
distributed more than 1500 seedlings in New Hampshire, Massachusetts, 
Connecticut, New York State, and New Jersey. In cases wliere lyarticularly 
valuable hybrids have been distributed, the owners are required to sign the 
following statement : 

The undersigned agrees to grow this material for test pur|)()ses only, and 
further agrees not to propagate, sell, give away, or otherwise distriluite the 
material until authorized to do so by Arthur H. Graves, Brooklyn Botanic 
Garden, Brooklyn, N. Y. 

The area planted to trees is tluis increased inany times, so tliat the total miuu 
ber of trees growing is far larger tlum w. could handle on our own |)lanta~ 
tion. As all plant breeders know, large mnnbers imuTase tht* (jluuic*eK of 
success, when a definite object is to be realized throiigli lyreeding. hhulhcvr, 
by this method of extension plantation, the trees are tested in n variety of 
soils and sites which we alone could not furnish. 

VARIATION IN OASTANEA DENTATA 

The chestnut, as a g*enus, shows a considerable amount, of variability, .and 
this character is, .shared by the different species.^ 'For example, in the Ai:n,ei> 

XT Brooklyn Bot. Gard. Eeeord 25: 68, notes 11, 12. 

s Darwin, Francis. Tlie foundations of the origin of species, two essnys writtcui in 
1842 and 1844, by Charles Darwin, p. 88, XJniv. Press, Cambridge, 1909. ' Mn'innii v 8p(‘cit‘s 
the variability of certain organs or qualities is even stated as one of tlu^ sixH'ific <4mrnc 
ters. 
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i('Rii rlicstinil, the* (jiuilities of the luits varied so inueh that ioeal forms re~ 
sjxM'ial iiames/' 'riu‘ Eur()|)eaii ehestiiut (C. saiwa) aii(l the Japanese 
{i \ vrv.nalu) also sliow a wide variation in the size and quality of the nuts. 

In I 1 h‘ sumuMU* of If) 18, when we inade a survey of the ATnerieaii eliestinit 
lret‘s iluai yrowinj’* in th(‘ New Yorlc City region, a large aiuoiint of variation 
was show!! ill tile amount of disease ta^sistanee uianifested by ditferent in- 
(I ix’idualsj" another evideuee of the variahility of the speeies. 

Now we are eonfronted witli a situation extendinig over tlie whole range 
of tlie nativ(‘ ehestnnt tree, eharaeterized by a succession of young shoots 
a!*i8ing from the stumps (or bases) of diseased and dead trunks. These 
sfioots develop for a few'' years, but are at length penetrated by the bliglit 
fungus. This (‘onditiou is due to the fact, as w-e have learned, that the roots 
of t he trei^s are more resistant to the attacks of the fungus than is the trunk 
or its bram*lies. 

hlhis eolitinued d(‘velopiueut of a very large number of new shoots from 
adventitious Inids offers alnnidant opportunity for biid variation to occur. 
I iHditn'e tliat siudi variation should occur writh greater frequency, or in- 
temsity, oi‘ lioth, in these basal shoots than in the ordinary branches develop- 
ing from uormiil luuls. Ho\vever, there seems to be scant evidence in the 
literaturi! in sut)|)ort of this belief, perhaps because of the unusual nature 
of tile situation. Ih'yeriiu^kJ however, as a result of pruning Cytmis Adam% 
oidnined segregation in tlie slioots developing from dormant buds, showing 
an unstable clrromosomal condition resulting from sncli treatment. The 
killing of (thestivut trees to the base by the blight fungUKS and the subsequent 
develofuneot of shoots from adventitious buds seems to be a similar situation. 
In any ease, iiowever, this continued production of basal shoots in all 
])robability entails a certain amount of bud variation, for this phenomenon 
is likely to occur even uuder normal circumstances; and it is entirely 
[irobalile that some of tlris bnd variation will be along the line of greater 
disease resistam^e. Tlie fact that many of these young chestnut shoots seem 
to be living longer and. getting larger than formerly may be due to just this 
situation, in,, to bud variation in. tlie direction of disease resistance. 

Now,, it is fortunate that, many of these basal shoots live long, enough to 
flc,>'we:r' a...iid bea,r nuts. Tlie ciualities .developed tliroiigh bi:id ^ulriati,on, if, 
they nrv. bereditary, may be represented in these-, embryos. ■ 

It is on account of the above reasoning that we '.are trying to obtain as 

s*(!<>rKn, VV. P. Nut Culture m' -the XJiiited ' States. U.S'.D.A..' D,iv. of Tatliology, 
uumunljerud faill, 1B06. p, 88,- 

(h'av(*H,-A. H'. Besiataace of the 'American chestnut to the--hark,,disea>serScienee 4Bi 

(152, mx tots. ■ , , - . . ■ ■ ■ ■ 

n (liruvoH, A. K. Tlu* cause of the persistent development of l)a,aal shoots from 
cheatiiut treea. Phytopathology 16: 615""621. 1^26. 

I)(^ Vri(‘a, Hugo. Tlie mutation theory, Yol II, p, 626. 1910. 
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many nuts as possible of wild American trees or shoots oi; C. dentuld. At 
present we have gTowiiig on our plantation at Hauideip CoiiJie<4:iciit, more 
than 100 young' trees of Castanva dentata. Tliese Anu^ruums have bec'ii grown 
during the past fifteen years from nuts obtained from nuuiy of tlie statics 
where Gastanea dentata is native. They are being tested t'or disease la^sislamav 
If the results are favorable they will be used for bree<liug stock. Last fall 
received nuts from interested persons in the following States: Maasavirusetts, 
Rhode Island, Connecticut, New York, New Jersey, Pennsylvania., <iih1 
Kentucky. 

We find that the best method of handling the nuts is to plant tlieni im- 
mediately after gathering. If any nuts are to be mailed to us, they should 
be wrapped in damp sphagnum moss, moist cotton, or ])aper luipkius, to [ire- 
vent drying out. A few days in a heated room, may be fatal, for drying kills 
the embyro. Any nuts sent us will be planted immediately in our cold frann's 
at the Garden and labelled with the name of the sender and tlie loiudity of 
the parent tree. Address: Arthur H. Graves, 1000 Washington Avt-nue, 
Brooklyn, New York. 

Ackno'wledgmeni. We are glad to have this opportunity to express our 
indebtedness to the many individuals and institutions, and especiidly to the 
Division of Forest Pathology, U.S.D.A., for their cordial cooficratiou with 
ns in our project. 

Brooklyn Botanic Garden 
Brooklyn, New York 


Brooklyn Bot. Gard. Record 30: 91, 92. 1941. 



MISCELLANEOUS TAXONOMIC NOTES 
Harold N. Moldenke 

CoiitiHiHMl routine iclentifieatioii, work in the herbariimi of the New York 
I »otaiii(Oi! (hirden iias revealed the desirability of a number of transfers from, 
tlu‘ P(dy()onum to the ^*e.iiiis Eeynoutria (formerly known under the 

nanK^ of PlenrapfernH) mid has brought to light two as yet undescribed 
s|)(‘('ies of PermniKid and Bfp\ionima from Cuba* 

Reynoutria Auberti (L. Henry) Moldenke, comb. nov. Polygonum 
Auborii L. Henry, Rev. Hort. 1907: 82--83. 1907. 

Reynoutria baldschuanica (Regel) Moldenke, comb. nov. Polygonum 
biildHdiuanimmi Regel, Act. Hort. Petrop. 8: 684, pi. 10. 1884. 

Reynoutria campanulata (Hook, f.) Moldenke, comb. nov. Polygonum 
mmg)anulatwm Hook, f., PL. Brit. Ind. 5: 51. 1886. 

Reynoutria ciliinervis (Nakai) Moldenke, comb. nov. Polygorvwm ciUP 
nrrm Nakai in Pedde, Repert. 13 : 267-268. 1914. 

Reynoutria japonica var. compacta (Hook, f.) Moldenke, comb. nov. 
P(dyg(niHm (wnipactuni Hook. f. in Curtis, Bot. Mag. 106: pi. 6476. 1880. 

Reynoutria japonica var. spectabilis (de Noter) Moldenke, comb. nov. 
P(dygonum m^yidaPum var. speetabile de Noter, Rev. Hort. Belg. 35 : 232- 
234. 1909. 

Reynoutria Hchiangensis (W. W. Sm.) Moldenke, comb. nov. Polygonum 
W. W. Sm., Notes Bot. Card. Bdinb. 8: 197. 1914. 

Reynoutria multiflora (Thiinb.) Moldenke, comb. nov. Polygonum muUi- 
/Imm Thimb., ^ 

Reynoutria polystachya (Wall.) Moldenke, comb, nov. Polygonum poly- 
sfmkyuni Walk, Numer. List 46, no. 1686, hyponvin (1829), PL As. Rar. 3; 
61. 1832/ ^ , 

Reynoutria Spaethii (Damm.) Moldenke, comb, now Polygonum 
Sp(M:dMiI)mx\m.^ Notizbl. Bot. Gart. Berlin 2: 378. 1899, 

Reynoutria Weyrichii (P. Schmidt) Moldenke, comb. nov. Polygonum 
"WeynehU P. Schmidt in Maxim., Prim. PI. Amur. 234. 1859. 

Peiranisia Bucherae Moldenke, sp. nov. Pnitc^x vel arbor; raxiiulis gra- 
eilibus minute f)uherulis glabrescentibus ; nodfe valde abbreviatis; foliolis 6 
v(‘l 8 ('orim^eis iitriiufue pernitidis elliptieis, ad apieeni rotiindatis emargi- 
nat is, ad L)asiui a(mtis, iiitegris revolutis utrinque glabris vel parce pilosulis; 
glaudidis 3. 

Shrill) or .tree;' branchlets 'slender, .gray,' m,iniitely \p'uberulent when, 
vamng, soon .glabrcscent ; nodes- greatly abbreviated; leaf-sears large, .'hori- 
zontally oblong, with prominent margins; leaves alteiniate, evenly 
compound with 3 or 4 pairs of leaflets; leaflets coriaceous, rather grayish 
gnam and very shiny on both surfaces, elliptic, 1, 2-3.9 cm. long, (}’5-1.7 cm. 
wid(*, rounded and emarginate at apex, acute at base, entire and reyolute 
along t.h(* margins, glabrous on both surfaces or with few scattered pilosulons 
hairs at the base; petiolules stout, about 1 mm. long, glabrous or very ob- 
scurely pilosulous-puberuleut; gland circular, about 1 mm. in diameter, one 
betwcmi each of the 3 upper pairs of leaflets; rachis angular-costate, gla- 
brous or vory obscurely and minutely scatter ed-pilosulous; pedicels slender, 
2.5-3 cm. long, very sparsely seattered-pilosulous with minute hairs; sepals 

, m ■ 
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5, lieavA’", unequal, suborbieiilar, 3-6 luin. aiid_ wide, rcjinuled at Ijoth 
ends, venose, glabrous or tlie smaller ones nueroseo])ieally jviiose; petals yel- 
low, large, irregular, unequal, 9-13 mm. long, 5-9 mm. wide, very V(m lose, 
glabrous, the margins crisped; stamens 10, beakless ; filaments about 1.4 mm. 
long, glabrous; anthers oblong, about 3 mm. long and 1.4 inm. \vidi‘; o\'ar\^ 
elongate, flattened, 6 nim. long or longer, a])pressed-seri(SM)ns ; ininiatnrc* 
legiiine flattened, elongate, 4 cm. long, Avitli a minute ciriudai* disk on th(‘. 
very apex of the narrowed point, the valves thick-margined, glabrate. 

Cuba — oriente: Moa, Mrs. George Conrad Ihicher 78, TYPEj in the Ibdt,- 
ton Ilerbariuni at the New York Botanical Garden. The s|)e(diiien^ \vas ex- 
amined b}" my good friend, E. P. Killip, wlio was not able to pla<;e it in <iny 
known Cuban species. 

Byrsonima Bucherae Moldenke, sp. nov. Frutex; ramis ranndis(|iie ad- 
presso-tomentellis glabrescentibus ; nodis valde annidatis snliartiimlatis ; 
hornotiiiis densissime ferriigineo-tomentellis ; petiolis ci'assiuscndis ^ dens(‘ 
ferrugineo-tomentellis eaneseentibiis ; laminis (siriaceis, su|)ra nitidis, am 
giiste elliptieis vel elliptieo-laneeolatis, ad a])icem angustalis (unarginatis, 
ad basim aeutis vel obtusis, integris revolutis, subtiis dense ferrugiiUM)- 
farinaceis. 

Shrub; branches and branehlets slender, gray, very (vlosely apjii'csstMl- 
toinentelloiis, glabresceiit in age; nodes (Mmspicnoiisly annulate, suhaidicm- 
late; twigs very densel.y ferruginous-t()nientellous when young; leaves 
decussate-opposite; petioles stontish, flattened above, densely ferruginous- 
tomentellous, the tomentum more appressed, incanous, and less obvious in 
age; blades coriaceous, gray-green and shiny above, ferruginous or bruniuv 

oils beneath, narrow-elliptic or elliptic-lanceolate, 2.4-5. 8 m\. long, 0.6 2.1 

cm. wide, regularly narrowed to a narrow and slightly enmrgiimtti apex, 
acute or obtuse at base, entire and revoliite along the margins, ferriigiiHrus- 
farinaceous above when immature, glabrate or subglabrate when mattire, 
very densely ferruginous- or brunneous-farinace()iis beneath ; midrib slender, 

deeply impressed above, very prominent beneath; secondaries slender, 4 ^8 

per side, short, divergent, conspicuously arciiately joined some distam^e from 
the margins, impressed above, sharply prominent beueatb ; v(»inlet reticula- 
tion abundant, impressed above, proniinulous beneatli ; pc(lic(‘ls sleiuh^i*, 
about 2 cm. long, longitiKlinally costate, very densely liirrugiii()nsd()iri(ndeli- 
ous; receptacle long-villous ; sepals ovate, densely ferrugin()iisd()irierttellt)i 
the aciuninate free portion recurved and revolute, will) a pait* of ohlong basal 
glands about 15 mm, long at the base; petals 5, long-clawtal, the stalk about 
3 mm. long, glabrous, canaliculate above, the blade (ibcorclate, abciiit 5 mm. 
long and 5.1 mm. wide, irregular-margined ; stamens 10, evert, elone log(4 her ; 
filaments about 2.5 mm. long, glabrous; anthers 2-eelled, oblong, about 0.7 
mm. long, the connective prolonged into a spur-like projection about 14,3 
mm. long, glabrous; pistil 1 ; ovary ovate, about 1.7 nim, long, glabrous; 
styles 2, about 3 mm. long, glabrate. 

Cuba— ORIENTE; Moa, Mrs. George Conrad Bucher o7 \ summer of 1:939; 
in the Britton Herbarium at the New York IManical Garden; nanua:! in 
honor of the collector. My good friend, C. Y. Morton, recognized expert on 
this group, says of it ' "Bi/rsoww(iprob. sp.^ all H. Wrighlmai Urb. & 
Ndzu.'' , , .■■■ ^ ■ , ■ ■' 

The New York Botanical Garden, ' ■ 
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(Aadoehyh'ium hyallnum 387 ; replwalum. 
85, 387; ienne 

CiiAusEN, Robert T., Htiidies in the (Iras- 
sulaceae — IT, Mexican Sedoidea<‘ ctd 

lected by E. K. Balls in 1938 473 ; Htudies 
in the Gentianaeeae : Genilmia^ HectitJii 
Pneumonantk(\ Sulisection AngustifaUai' 
660 

CUidemia foliosa, 252; gracilis 253; heterif' 
phylla 252; Juruensis 252; Killipii 251, 
252 ; BiGim 252 

CiAiVEit, Elzada lb, and Ixns dcrn'ER, (’adi 
of the canyon of the ('olorado River and 
tributaries 409 
Cnuiium /R'acednao/V/fs 122 
Cocamhts eincrasccns 237 
C(g;swcllUt II cndersoni 1 23 
Colorado headwaters .area, Forest replace- 
ment rates in 407 

Colorado River and tributaries, (tacti of 
tin? canyon Of 409 

Comparative studn‘s on the structure of tlie 
shoot apex in hcumI plants 339 
Constance,, ,LiN'ta)LN', and M/iidred E. 
Mathias, New com) >1 nations {tnd m^w 
names in the UmbelliLu’ae 12); OImmh* 
new species of Mexican CmbeHifi'rae 254 
Gontri but ions to biology of Polyporus 
reades (Pers.) Fries 398 
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("Uu'C'ina {■(inradii .H22 
Ctniiciiuu rafpun 4()(5 

iV)W|)<:‘a plants, nH:ta]>()lisni of ascorbic acid 
in 25b >570; ascori)ic ju'id con, tout of 519— 

5:50 

Urassulaci'ac, Rtudios in tbo 472 
Uiuiss, i{. |j., and T. d. .roiiNWON, Rtnic- 
tns'nl f<aitui*(\s of the slioot apices of 
diploid and colcbicino inducxni totra- 
ploid st rains of Vinca ronm 1j. t},18 
Cruck^simnhda IlmUlUtsi 471 
(h\irp(an(iinm Klcllatum 2,30, 2.21; ntramin- 
cani 25 

Crjip toplcnM (a)rdif()rmla 429 
dOMMiNS, (IKORGE B., Descriptions of 
tropical rusts— IV 4()7 ; New rusts from 
America mid Africa, 42 
(Uiprcnm.K macroear pa 112, 112, 116, 118, 
119 

Vpean rcvolnla 242, 244, 246 
Cylindrochytridium Johnstonii 281 
('pnaneh u in Manni 48 

Cyjxvraceous genus from uortlieni South 
Ammicsi 226 

(U/perun Gcam'ma/w.v 151; panienlatun 470 
( l.vtological Htudies in Laetuea 288 
(^ytological study of Carleria crueifera 429 
(lytophyletic analysis of AHfranthvwm inte- 
prifoliim 615 

Dandelions, Proliferation of, from roots 
251 

IkiHyMephana krnuifolki 662, 662 
Dccaehaena 521-'536, 540; haeeata 540; 
frondona 540; nana 540; tomentom 540, 
541'; nrsina 540 

522,' 524 

'l')eB(5ription,s of tropical rusts— IT 467 
l,)(:».vel()pmeut of the etnb,ryo of' Ilordcmn 
mitmint' 585 

Development of the embryo '.sac in Agave 
virpinim 221') 

Develo|>',ment of the peristome in. Aula- 
eomnmm heieroHtiehum .569 ■ 

IHama arguta 1,24; cliff um 124; glaum 
124; UrngipcH 124'; nmrkma 12Zi Nek 
, ,wr//D124, ; iVmx/k’f'i 124; 1.24' 

Uidlmiandmm 220; flexifolinm 321; stel- 
latijim',.321 : 

IHolma auficAdatu 246; .purpurea 246 

Diphifsium foUmnm 571 
Diploma 1cnni folia 662 
DomJH, D. ()., and TnoAfAS Laskaeib, 
Fapulaspora Gtladioli 289; Bed blotdx of 
// ippeantrum 462 


DonnellsinitMa biennis 122, 255; cordata 
122 ; dissecta 122; Hintonii 255; madreii” 
sis, 122; mexicana 122, 255; ovata 122; 
pcHccclanoides var. purpurea 122; reticu- 
lata 123; serrata 122; submontana 122; 
tuberosa 122 

Donvningia niirahills 152; ornakmma 152 
Drudaophij f um g laneii m 1 2 1 
Duiichkm arnndmaeeuni 1 :14 
Duranta armata 498; Bombeyana 499; 
guatemalensis 501; peruviana 501; var. 
longipedicellata 502; Skottsbergiana 
502; Woronowii 503 

Echmocereun act far 411; canyonensis 417; 
eoeemeuu 411; decuinbens 417; Engel- 
mannii 410, 412 ; Fendleri 413 ; 'Hiojaven- 
.m 413; oeiaeamthuH 410-412; poly- 
cephaluu 411 

EUssarhena grandifoUa 243 
Embryo of Eordeim sativum 585 
Entloehytrium opereulatum 60, 387 
Eocigarieus in fiat un 279 
Epilobium angiinUfolvuM 134 
Epling, Cari*, Suppleinentary notes on 
American Ijainatnc — II 552 
Ericales, Studies in 100 
Eriocaiilaceae, New or notewortliy Soutli 
American 67 
Eriophorum gracile 134 
Eschschoitzia calif orniea 170 ; erocea 170 
Eudorina ele pans 440; iUinoueiisis 440-442 
BtilopJms peneedanoides 122; ter^iat us 122 
Everardia 20 ; angiisia 20, 22, 24, 25, 28 ; 
duidae 24, 25, 30; glaucifolia 24, 25, 27, 
28; gracilis 24, 26, 28; Ion gif alia 20, 24- 
26, 2S} montmia 20-25, 28, 30; revoluta 
..24,25, 28, 30 

Experiments on tbe inlieritanee of tlie 
‘ * plus ’ ’ an d * ‘ min us ’ ’ characters in 
Glomerella einguUita^ 609 

Factor 52 in .hybrid maize, 222 
Fagus sylmtica 359 

413 

EHssidens cHstatus 57^ 

Fames aimomis IIZ 

Forest- replacement , rates in '.flie 'Colorado 
■; '.headwaters .ai‘6a 40,7' ' , 

.Fostisr, Aurianoe R., Comparative studies 
on the structure of the slioot apex in seed 
plants, 339 

Frankenia grandiflora 320 
Frasoims or eg ana 134 
FXJbFOKP, Maegarkt, Studies on American 
Hepatieae — 'I. .Revision of th<^ genus 
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Th ijsananlhus 32; III. Vegetative rein'O' 
diietioii in Jin/opteris friiPlcnlosa 636 
F unaria hpproinetriea 570, 572, 577 
Piivtlicr pollen studies of post pleistocene 
l)ogs ill the Puget Lowhrnd of Washing- 
ton 133 

Fiisarinm avenaeeum, P>i.()tin and the growth 
of 446 

Gaultheria ShaMon 134 
Gai/hismcia 531-551; amazumica 547; 
hacccita 537, 538, 540, 547; IracPIiifcem 
535, 540, 546; Inixifolia 534, 536; 

meummiu 536 ; CJiamissvms 537 ; dnmo.'ia 
540, 547; frondom 537, 540, 541, 547; 
var. liana 540; var. tomcniona 540; lm~ 
pidula 535 ; Ledifolui 537; Mcmeri 539, 

542, 543, 546, 547 ; nana 537, 538, 547 ; 
oefospernui 537, 538; oroeola 540, 547; 
pallida 537; Psendopaultherla 535, 542, 

543, 546; rc^nnosa 540; EiedelH 539; 
salicifolia 539; thymelaeiykies 537; 
tomenfomi 537, 538, 541, 542, 547; urmia 
537, 538, 546, 547 ' 

Gayliissacdeae, North American 531 
. Gentiana, Section Fneiimonanthe, Subsec- 
tion AnijiiMifoliae 660; alba 662; mi’ 
gmtifolia 660 ; parvi flora 661; Fennel’ 
liana 662, 663 ; Forpliyrio 660-663 ; puT- 
pnrea 660, 661; Stoneana 660; tenui- 
foUa 662 

Gentianaceae, Studies in 660 
Gemis Eve rard la, Tl)e 20 
Genus Orcuftia, The 149 
Gemniim trldens 320 
Ghinia CardenaM 504 

Giles, Noiuian, (Ihrcnnosoine Ijeliavior at. 
ineiosls in triploid TradencanlUi hybrids 
207 

Gilly, Charles, The genus Everarilia, 20; 
A neir eyperaceous genus from nortlieru 
South America 330 
Ginkgo Hloba 343 

Gleason, H. A., Novelties in the Melasto- 
inaceae 244 

GlomereUa cingidata, Experiments on tlie. 
inheritance of the ‘ ‘ plus ’ ' a, ml ' ^ niinus 
characters in 609 

Graves, Arthur Harmount, Breeding 
work toward a timber type of blight-re- 
sistant chestnut: report for 1940 667 
Growth curves, Validity of efiuations for 
relative growth constants 295 
Gyrosigma ■Spen<n>ri\T27 

Ilaewiatoeocens 435, 440-442 

Hansen, Henry P., Purther pollen studies 


of ])ost-pleistocem‘ bogs in ihe Puget 
Lowland of Wasirmgton \T\ 
lledcoma floribundnm 553 
Utmimieallin, Tlie intloia'sm'm'C in 305: 
anranl laea 4T)h fiilva 306, 31 1, Mil, 3 In, 
466 ; minor 305 ; in idii flora 3 1 3 3 ! 5 ; 
n a nti 3 1 ) 6-3 ( 1 9 , 3 b 1 , 316 
Uemileia OxyaaitM 467 
Ilrnrya imbrieans 168 
ITeimticae, Studies on Anuu‘i<^'in 32, 6;ir» 
Hepiacarpiis minion Icfilor 105, 109 
licnperogenki Slrieklandi 12 1 
Ilippeaslrwm, lled-blotch of 4<)3 
Holodlmnn dim<dor 134 
TIoovek, Rohert P., Tin* genus Orenftia 
149 

llordenm saUvnm, Develoinneiit of thc' em 
bryo of 587-5117 
If ydii u ii i o eh rare am 11 5 
llypnuni ni<dlumnm 573; ,sylvatie/(m 581 
liypo.rin hirsnia 16 
II ypoxylon prninaluin 460 
llypiki braehwia 555; btachypoda 555; 
fiirmila 554; involuerata, 551; PSDUdO- 
lantana 555; pseiidosiniiata 555; rhy^ 
tidea 555; sidae folia 554; villicaulis 
554 

Index to American Botanical liiieraturt* 71, 
125, 202, 257, 333, 420, 507, 599, 677 
Inlloresceuce in IIenier(>e<diin^ 3, lie 305 
Ives, Bonald Ij., Eorest rt*j>liiceme:nt rales 
in the Colorado headwaterH art a 407 ; 
rapid ideutiricatioii of the montaiu' subal 
pine /.one boundary 195 

Johnson, T. Jl, ami G. h. Cross, Structural 
features of the shoot a|)ic«^s of diidoid 
and (‘(llcliiciiie iiniuctMl tetra ploid straijm 
of Vinca romnt 1j, 618 

J' OTTER, Lors, and El/aoa U* Clover, Hu-ti 
of the canyon of the Colorado River and 
tril>utari(*s 409 
d urgendana niexieana 105 

Kdl/mia pohli folia 134 
Karl'ing, John B., Oylindroehytrldittm 
Johnstonii, gen. novL'et sp., ynov. and 
■KowakowskieUa proftiBim* sp. nov. 381 
Krukofp, B. a., ami II. NVMom)ENKE,,Bii|>'- 
plementary notes on American' M’tmi- 
spermaceae 237 

Labiatatb American, >Sup]dementary notes 
, ■ on 552: ■■■■"' ' ' ' 

Laeittca, Oytological studies in 388; aflaiea 
393; mmadennin 388, 39(b 393) ; florkkina 
388—392 ; gmin in ifol ia. 388 ^ 393 ; i n d lea 
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aoa; Eaddeana 388, 390, 391, 
393; mlifina 393; saliva 388--391, 393; 
smrlola 393; spieala 392; iatarica 388- 
391, 393 ; virosa 388-391, 393 
Ijipvnoearpns rlpidiis 20, 21, 23; stellains 
331 

isiinhtni album 359 

Lantpia boyacana “>05 ; soatensis 506 
Laidx Innvlna 173, 177, 178, 180-182, 185, 
186, 188-190 

iaislocacauu du niosiis 535, 536, 540 ; Aiosieri 
535, 536, 539; orocola 535, 536, 540 
IjAskakis, Thomas, jmd B. 0 . Dodge, 
Papulaspora Gladioli 289; Red-blotch of 
Ilippvastrutn 463 
Leandra hylopliila 246 
Li'd urn f/r<mi(andmvm^ 134 
Lrjuunva amazmiica 32, 37; comosa 39; 

■ dlss()ptera, 32, 42; pterobryoides 32, 35 
Lenophyllum reflexum 496, 497 
layylovaidis inarmiS' 124 ; patens 124 
ij'pfolavuia Ilendersoni 123; Leihcrgi 123 
L<‘spedeM stipulaeea 373 
lAbavedrus deetirvens 176 
Ligiisticella Macounii 123 
IJffustieum hrimbdywni 123; filudaium var. 
teniiifolium 123; Maeoimii 123; orgamim 
1 23 ; .VoTieri vjir. brevilobum 123 
rosea 153 

lilFM'AN, (iHARliES B., Tlie successful re- 
vival of Nostoc commiine from a herbar- 
ium specimen eighty-seven years old 
664 

JAppUi asperifolia 472 
ijiteratui'e. Index to American Botanical 
71, 125, 202, 257, 333, 420, 507, 599, 677 
laymaliim Ilendersoni 123 
Lophodermium Pinastri 460 

:Ma, liOBKit'rA, and Wn.uAM J. Bobbins, 
Biotin and tlie growth of Fusariuni 
avenaceum 446 

Mni'/.(‘, 395, 396; Fnetor Z in hybrid 222 
MaugnueH(‘ in forage crops 372 
Maras mi us androsaeeus 460; perforans 
46(1 

Mathias, Mii.dhed B., and Lincoln Oon* 
KTANcjK, New eoml)inations and: new 
names in tli(v IJrnbelllferae 121; Three 
lUHv speci{‘s of Mexican XTmbelliferae 254 
Mauria glanea 471 

Mi’Larty, J). A., Studies in the family 
Worouinacene 49, 75 

MiiVkkhi, iLDA, and Daul R. Burkholder, 
MultimicIcafc(U ’ plant cells 395 
Meiosis in trlploid Tradeseantia hybrids 
207 


Melaneonium betidinu'm 4.60 
Melan ospora destriiems 460 
Melastoinaceae, Novelties in 244 
M.eUlotus alba 373 
Melosira grannlaUi 327 
M.enis]:)ennaccac, Supplementary notes on 
American 237 
M.enyan Ihes t r if oUa t a 1 3 3 
Meriania bolivicnsis 245; colixmbiana 245; 
ypumtieplmer'Vis 245; speeiosa 246; JVeb~ 
erbaucri 245 

Merry, James, Studies on the embryo of 
Hordeum sativum — I. The development 
of the embryo 585 

Metabolism of ascorbic acid in cowpea 
plants 259 

Mexican Sedoideae collected l)y B. K. Balls 
in 1938 573 

Mexican ITmbelliferae, Three new species 
of 254 

Miconia aealephoides 249; amabiUs 249; 
axinaeoides 248; Ba/ngii 250; barbicaulis 
248; cardiophylUi 249; chrysocoma 251; 
dwergens 251 ; KillipU 250 ; Umostyla 
249; Leekleri 249; mapirensis 249; 
megastigma 250 ; modiea 249; plumifera 
249; pubicalyeis 247 ; rosea 247; Skutchii 
250; stellulata 247; Urbankma 248; 
Wagneri 249 . 

Microcystis aeruginosa 326 
Micro dr aeoides 22 
Minthostachys mollis 553 
Miscellaneous taxonomic notes 675 
Mitrula inflata 279 

Mnkini (mspidaium 572, 577, 578, 581 ; 
hornum 570 

M:ou)ENke, Haroiu) N., Miseellaiieous tax- 
onomic notes 675 ; New or notewortliy 
South American Erloeaulaceae 67 ; New 
species and varieties of Verbenaceae from 
Central and South America 498 
Molden.k:e, .11, N., and B, A. .Krukofe, Sup- 
■ piementary notes on ; Anierlean 
spermaccae 237 

Monochaekim BonpluniU 244, 245; cal- 
vescens 244., 

Monochytriwm Mevensiantm 95 
Mo.ntanc-suba:lpine . zone .'boundai'y, Rapid 
identification of 195 
Moringa oleifem ' 2B4' 

‘^MultinudeatcU^ plant cells 395 
M itsineopsifji aegopo d iai dcs 122; arg u ( a 
121; biennis 122; var. pinnalisccfa 122; 
oof data 122; dissect a 122; fusiformis 
3 23; glauea 123; ntadrcfisis 122; ovala 
122; peuccdanuldes 122; pu be sec ns .121; 
piirpnrca 123; reticulata 123; scabrella 
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122; Schaf iieri 122; Hcrrata 123; suh- 
montana 123 ; teyiuissima 123 ; ternata 
122; var. filifoUa 122; taberosa 123 
Myristdca Ihivlinvriana 401 ; cwtanmefolia 
398, 399, 402, 405, 406; 398, 

401, 400; Gille^piemia 399, 402-405; 
grandiflora 400; GuUiauminiana 399, 
405, 406 ; Ilollrungii 406; Ilornai 400; 
hypargyraea 399, 400, 403, 405, 400; 
insularis 399, 402, 403 ; imUiUs 397-399, 
401; 'macraniha 398, 399, 406; macro- 
pliylla 406 

Naylor, E., Proliferation of dandelions 
from roots 351 
N e'matosciadluin 1 2 1 
Ne matospora GossypU 460 
N ephrocdyt H diim a/uranUnm 387 
New combinations and new names in the 
Umbelliferae 121 

New cyperaeeous genus from nortbern 
South America 330 

New or noteworthy South American Erio- 
eaulaceae 67 

New rusts from America and Africa 43 
New species and varieties of Verbenaeeae 
from Central and South America. 498 
North American Eanunculi — 157 ; II 477 ; 
III 640 

Kofitoc commune^ Successful revival of 
from a herbarium specimen 664 
Notes on AphanmmiencMi with a descrip- 
tion of a new species 326 
Notes on Folygonum (Amciilaria) 491 
Novelties in the Melastomaceae 244 
N owakoiihdciella degans 387 ; profitsum 386, 
387 ■ 

Nympho smithm poly sep ala 133 

Olpidiopsis Achlyae 52-55, 62-65; Cy- 
tology of 75-97 ; Aphanomyem 63 ; 
fhbrillosa 57; f itsifornm 50, 57, 63; in- 
crassata 64; hixiirianH 59, 63 ; mayor Ju^ 
64; minor 57, 63 ; ^aprolegniae 49, 50, 
57, 63 ; mrians 50; veamis 50, 58 
Ontogenetic development and phylogenetic* 
specialization of rays in the xylem of 
dicotyledons — III. The elimination of 
rays 317 

OpMoglosmm 'Engelmanni 6, 14; fibrosum 
3; moluGcanum 14; palmat-umf Structure 
and development of 1; pendulum 3, 4; 

retimlatim 10 ; /viilgatim W 

Oplumenus minartmi 470 
Opuntia acanthocarpa 410, 414 ; mrea 415; 
basUaru 410, 414; Bigelovii AlA; brachy^ 
elada 414; dilorotieu 415; eylindrica 


347; (xMnocarpa 414; Jfiwpdmannl 415; 
erinaeea 414; hysfcrinna 410, 416; 

la('vis41B; longiareolata 418; moJavoHd.s- 
415; mole.sfa 414 ; phaeaGanlha 410, 415; 
poly van tha 410, 416; rhod<mlfi(i 4li>; 
tetracaniha 413 ; Faseyi 415; H'hipplvi 
413 

Oreutfia calif orn lea 149, 151-155; var. 
inaeCLiialis 153, 154; var. vi^sdda 153, 
154; Grcnu'i 149, 151-154; inavqnalh 
149 ; pilosa 151, 153, 155, 150; UnHiH 149, 
151, 153, 156 
Orumbdla Mamyunii 123 
Ofisaea rnfiharbis 253 ; spicata 253 
Oxyan thuf< npceiomo^ 468 

Pacific Island jilants, Sf iidic^s of 397 
Paepalanthns Archeri 67; Killipii 67, 68; 
lodiculoides 68, 69; paramensis 69; pro 
(rru,s 70 ; viscosus 70 

Papiilaspora Gladioli 289-294 ; magnlfiea 
291; rubida 292; sepedonUndr'H 292 
Parapolyloma mlura 441, 442 
Paronda niolUs 45 

Pa,spalum con jugal urn 467 ; dtu'iimbcnn 467 ; 
didichophyUum 467; dongafutn 467; 
fancieiUatu m. 467; lininboldrui'nvni. 467; 
panix/nlatiim 467 ; plicatulum 467; Irnrhy- 
cauk’on 467 ; virgadum 467 
Peiranisia Bucherae 675 
Peueedannm llendcruoni 123 ; jnntnmm 122 
Phaeotun anfnilonun 440 
Phakopsora Cherimoliae 467 
Phancrofacnia 124 
Phascoluff vulgar in 519, 527 
Ph(Alonp<xma Udrunc'idra 411, 41 6 
Fhiladclphuu G(rr{lonmnn>s 134 
Phoenix canumennLH 347; dadylifcra 347 
Phragmumna Ldmann iana 32 
Phycomycen lllalu'dcif'aHiiH 222, 456, 460 
P/rywZucrm, Htudles in the gcinm 265; 
aggregata 278, 280, 282; andina 278, 
282, 284, 286; iktnibnmic ' 27H, 282; 
changennis 287; Olumw 278, 282; eo#- 
.china 278, 282; ' Deewryi 278, '284:;' in- 
flata 267-276, 278-281, 284, 287; Lan- 
.glmdi 278, 282, 284; onuoccndn 278, 
279, 282, 284; vjir. andina 284; rugomi 
287; Sanctae-Martae 278, 282, 286; 
Holidu 2S7 ; HtUboide a 278; tenera^ 284^, 
286; %dMona 278, 282 
PhysgpeUa Chcrhnollar 407 
Phytophthora infeutanu 292 
Piaea Engelmanni 138, 187; glauca 173, 
174, 176, 180-182, 185-488,' 192, 193; 

' mariana 173, 174, 176, 177, 180.-48.3, 185- 
188; sUchendrH 135, 137-140 
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IHmpinella mcMmiia 122 

alhimulh 1,18; IPinkmana 173, 177, 
180, 185, 181), 188; (Hyirtorta 134, 137- 
Mn, 142, 178, 1!)(1; jlvxllU 196; monticola 
134, 137-140; ponderom 138, 176, 188; 
Plrobii,'< 173, 177, 186, 188 
Pi, vim mliviim 301., 519, 527-529 
id( i/(Kriifvn anrnmilu-m 191; Beni^iedi 191; 

191; ,s<dlu(if(;n,v‘ 191; seittmten- 
.siformi,^ 191; KScivardi 191; sfaffmeiiise 
191 

PleiolaenPt N iiifaW^ var. teimna 124 
Pleodorlna calif ornum 440 ; UUnoise7i,vii 
440, 441 

Poa prat(‘7i,'ih 373 
I’oi'ket I'ot 111 
Pod(>,'<por(i eiirvula 460 
1N)1I(‘h BtiKlics of i)oat |)leistocenc‘ bogs in 
11u‘ lOigot IjOVvIuihI of Wasbingtoti 133 
Pidppcniimj Notos on 491; achonnim 491; 
arppramdcan 492; Aiibcrl.i 675; autum- 
nale 492-493, 495; aviculare 492, 495; 
b(ild,svhmanienin 675 ; bimforme 491 ; 
campHinaUitiifii 675; (HlimirvLs 675 ; com,’ 
paefitfH 675; cusp Ida turn vnv. speetabUc 
675; Pagapyrim 519, 528; hutnifusum 
492, 493; Intim 495 ; lepioearpurn 495; 
liehianfpmsis 675; W'«i/7/?or?wfc 675; 
OlivicH 494; polysfardtynm 675; pro- 
495; rmnihvsHlmim 491, 494; 
ruhesccns 491; Spaethii 675; Stevensii 
492, 493; Wcyriehii 675 
PolyphayKs Euglcnac 85, 96 
paly podium aurcum 1 

Polyporus Tbasilaris, .Biology of 112; car’ 
bonarius 115; cutifractus 115; rheades, 
(’oiitribiitioiiH to tho biology of 198; 
versicolor 113 

Pidytucnla Nutiallil var, tcimna 123; 
texam .123 

Polytomu nvcUa 435,. 440, 442 
Polytomclla agilts 440, 442; citri 440-4.42 
PaiytricfiKni funipvfvnim 134; pilifenm 

570 

PopiduN iremuloidcs 196, 566; trichocarpa 
138 

Pidamoyt'lon nalans 134 
Poidililla paiusiris 134 
pH ATT, lOojKRTsoN, Validity of equations 
for laOativo growth rouHtants wbon ap- 
pTaal to Higiiioid growth curves 295 
Pringshcimif'Ua (Padca 
PriiHiosclad.iuni hnmilv 256; Simplex .25o,- 
256 ' ■ 73 '. 

Prolifvvatiou of daiubdions froia roots 361 
t* run us avium 3()I 


Pseudolpidiim: Aphariom/ycis 63 ; deformans 
64 ; f usiforme 49, 63 ; glciwdmianu.m 64 ; 
gracile 64; mera.s.mta 57, 64; Pi/thii 56, 
64; Saprolegniae 49, 63, 64; BphacrUae 
64 ; stellatu/m 57, 63 

Pscudotsuga taxifolUi 134, 137, 139, 140, 
142 

Picridium aguiUnuin 134 

Puccinia Aspiliae-latifoliae 468; Uepha- 
ridis 43 ; coniprossa 467 ; com^tata 45 ; 
cxten.vcola 45 ; Henryae 468, 469 ; 

inclyta 470; levis 470; ‘makensis 43, 44; 
niuUiloeulata 43, 44; opipera 468-470; 
Paroselae 44; Paspalicola 467 ; puritanica 
45, 46; tandaaiensis 44; Thuribergiae 
44 ; tnhulosa 467 

PytliieUa vcrnalis 76 

Qucreits agrifolia 199; DonglasH 198; 
(rarryana 136; lobata 198; IVisUsicnii 
198 ' 

Ilaniineulij North Aniericau. — I 157 ; II 
477; III 640 

Eannnculus aborlivus 643, 644 ; var. acrO’ 
lasiu,s 644; var. eneyelus 645; f. 
giganteus 645; var. llarveyi 646; var. 
mdivisus 646; var, typicus 644; aeri- 
formis 477, 479; acris 157, 159, 168, 
477; var, Stevensii KH; adoneiis 644, 
654-656 ; var. alpinus 655 ; afflnis 649 ; 
afflnis lasioooGCUs 647 ; var, cardiophyl- 
lus 647; var. lasiocarpiis 647; var. leiO’ 
carpus 649; var. inicropetalus (H.9; var. 
validns 647; alcem, 165; allegheniensis 
643, 646; AlUmii 643, 652; alpcophihis 
651; altaicus apetalus 649; arcuatu.^ 
478; aripjrmicms 642, 647; var. sub’ 
ajfinu 651; var. subsagittatus 648; 
arvensis 640; Atistenae 658; ' B.elvisii 
484 ; 170; Bloonwri 158, 

484, '485; Birngardi Am, 477, 479, ' 481:; 
Bongardi (rveenei 477 ; var. 'Douglani 
478; var. Earlei 479; var, trmeU-m ;4:78,\ 
479 ; Moraeamis 159 ; brcvicaulu 658 ; 
bulhoms JB7, 162, 477' i euiUfornUnesABT^ 

' 162, 164,- 167-169, 1.71, 172, 477;' var.' 

170 ; var. camis 169; var. 
erassifoU'us 169 ; var. cwncattos' 157, 169 ; 

. '■■var. grat'us W8; mYPlatilobm'A67, 47^'; 

; var. ludoviciariMs ■■ .1'71 ; ■ oanus, ■■■'157, ■ .162-' 
165, 168, 170, 477; var. BlankmshipU 
169, 170; var, cancscens 171; var. hc,S’ 
peroxys 170; var. lacvis 163, 170, 171, 
640; var, ludovicianns 168, 171,' 640; 
cardiojdiyllm 642; var. coloradcmsis 648; 
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var. pinefortim (547; var. submpittalns 
(548 ; caricetoruni 485; (uiroliniann^i 158, 
484, 485 ; eUio>iii,<f 1(55; carnYH/ornr/.s* 490; 

{;)4(;) ; dcUteficeiif'f (54(5; J)('p- 
pei 167, ;I68; dif/Uahis 659; dis.weUts' 

167, 168; l)oi(ph’'<d 478; DruinHiondii 
657 ; I^a.s‘/i(a><a7ia/(7i.s‘ 642, 648; echinalus 
641; JUsf'nii 164; eUiptirv.^ 658 ; Es(di- 
^^ch()l(:^ii 644, 652 ; var. eximius 653, 654; 
var. Helleri 653; \aiv. oirpnotm 653, 655; 
A'ar. S nJcHdorfli 653, 654, 656; var. Irificctuit 
(353, 654; eximMia 654; fas(d.(mla.rifi 158, 
484; var. aprUufx 490; var. cimeifonnixt 
158, 490; var. Deforexfvi 489; gldbcr- 
rimus 644, 658 ; var. dliptieus 658; var. 
rfenndU'iis 659 ; (rvayi 644, (556; Greenei 
477; Harvey i 643, 646; var. plloans' 64(5; 
hebccarpuj^ 640, {>4.1; var. pimlliirt 641; 
HeUcri (553 ; bef^peroxya 171; leirtipen 
487; Impidii^ 158, 4.84, 485, 487, 488; 
var. eurylobus 488; var, fahivs 488; 
var. orec/anas 480; Holinei (544; Hookerl 
(557 ; EowelUl 165; UUnoe^isis 489; 
inamoenuii (543, 649; var. alpr<)philiu 
651 ; var. siihalplniia 65.1 ; vniermediuft 
484 ; Jovis 644, 659 ; kitdlobus 167, 1(58; 
loiigilobna 170 ; ORiwlas 484; iudovudamj^ 

168, 171, 172; LyaUii 477; MacaiiUyi 
644, 657; Maeoimii 158, 480; var. 
oreganm 480; maeranthiij^ 158, 481; 
marilandieux 487; marniorarins 165; 
maximufi 482; mudiiganen.Hifs 644; 
aiirraa//r//.s (543, ()46; var. 

(546 ; var. deUiej^ee'ns 64(5; micropetalaa 
689; inmitane)im 166; miiricatm (540; 
var. (mvMnwnus (540; Nehonii 1(56, 478 ; 
NeJmenil gkdTriuacidiiH 478; suhHp. in- 
nalark 166; var. kmelluft 478; nlfkim 
484, 644; nivalin (544, 656; \^ur. Ench- 
scdioUm 652 ; f. nid)glob(miH 65(> ; nudatuH 
647; occidentalin 157-163, 164, 168, 1(59, 
477, 47<S ; var. aleeun 165; va,r. hrevintylu 
166; var. dinmdnvt 158, 165; vnv, Einmii 
162-164, 1(58-170; var. bexasepalus 167; 
var. Jlowellvh 158, 165; var* kievieaidin 
162; var. Lyallii 477; var. montanensis 
162, 166; var, Kelsonix 163, 166; var. 
:parvifk)ri(n 477; var. liattanii lG2i var. 
robiiMun 163; var. tenellm 478; var. 
Tumeri 157, 167; var. idtraviontaniin 
16.3, 1(54, 170; oereafm 6’53; ootopeialm 
4:85^. oreganun 480 ; orcgmvm Maconnu 
480; PveogeTien (>59 ; OT7iUh()Thynxih%n 
482; ovthofhynehus 158, 482, 483V 485; 
var. alascbensis 483; var. alpinun 655 ; 
\'ar. Ilallei 483;' var. mawimun 482;; var. 


plalyphyllun 482, 484; f, nhiKiphyllnn 
482; ova.lin 658; pahnafiin 484, 487; 
parvijlanin 640; var. diniidiaias (511; 
parvulnn 641; pedatijldun 642, (519, 657; 
var, leiroearpits' 649; var. pinelarnni (517 ; 
peiinylviinieas 158, 481; plaiyphyknn 

4.82; polilnn 182; })i/tiniaeus 614, 657, 
67)8 ; v:ir. peiUdafKH 658; ra ni idtewn 652; 
Haikinu 1(54; rec(>ndihts (559 ; reni rrat an 
158; var. adprennii)iUs 477; var, fonfi- 
nalin 477; var. Nelnonll 166; f. liar gar I 

477; t‘. la evieaid in 477 ; rapenn 157, 159- 

162; var. ereeinn 160, 161; var. ffarepleni) 
1(52; var. g la brat an 160, 1(51; var. hin- 
pidtin 487; Viu*. Ihtearllobiin l(!o, 161; 
var. mavranthun 481; vai’. major 166; 
var. p!(>nif(ori(n 160, 162; var. vUIokk.k 
160; r/(o niboldeiin 64*1, 658; rivvkirin 
480; rudevalin 644; riidln 180; Sabin 11 

643, 649; nardoun 640, 641; naxi<n>(a 
654 ; ScdUeiddendahlii 484 ; mydenfrimv 
alls 484-486, 488; v.ar. earieeiorntn 185; 
var. ina.rikmdiean 487; var. fdtidan 485; 
var. pterocarplis 486; nieaeftdian 185; 
nieaeformin 485; ntenalabun 655; nnb- 
affinin (551; nnbnagitfai an 648; var. nab- 
a/Jinin (551; Si(knd(h'/ii (>54; nttljdiii rean 

644, 65(5; UmrUan 478; var. Lyallii 477; 

tenuipen 1(52, 163; tamenlonun 484; 

trachynpernuin 641; Irinralun 654; I r Iter 
aatnn (559; Tarnerl 1(57; ultramanUm an 
1(55 ; utahennin 651 ; vereeiindun 64:5, 652; 
vertieellalun 644, 659; virlnaiin 619; 
Waldroni 658 

Rapid idaiitilivat ioii of tbo tiioiitaiio siih 
alpiiK* mna houn<lfir.v 195 
HccMdot.vli of llippeahl ram 463 
H.i?{ikn, Lohoajnk, 'Tlx* dovolopinont of tlx* 
ouihryo sav in Agave virfpniea 229 
Ekio, Mauv KhVAAmmi, MotaboliHnj of 
asvorbk ad<l hi rowpoa pIniil.H 359; Kota 
tion of t(aiip(0‘aioro to llx* aHoort>ir avid 
voatorit of vovvpoa plaiitH 519 
liKiNMAiti), Ki>\vaki> (1., Not.o8 oil Aphan.'i'- 
zamenon with a (loweriiitioa of a now 
Hperlca 326 

Rdatiow of tomporatorv to tlio aHrorhlv 
a.dd, content of cowpea phiiitB 5.|9 ' 

Eeyaoutrla Aubertl (iT.'i; baldschuanica 
675; campanulata (i75; ciUlnervls 075 ; 
Japonica var. compacta 676; var. speo- 
tablUs 67.5; llchiangenais 07.5; malti- 
flora 670; polystacbya 675; Spaetbii 
675; WeyilcWl 675 

MhwophUium carpnphikm 3S7 ; alcAomm 
387 ' ■ 
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Rhi^'opJiIyrfi.s Prfer-seni 387 ; rosea 95 
Eliodosciadiiim argutum 124; diffusiim 
124; glaiiciim 124; longipes 124; anacro- 
phylliim 124; moiitanum 124; Nelsoni 
1,24; Pringlei 124; purpureum 124 
IfOMUiNS, Wir^i.iAM J., Factor Z in liybrid 
222 

IloHitiNs, WJ1J4AM J., and Kobkrta, Ma, 
liiotlii and tlio growtli of Fnsariuw 
(liu nacenm 44() 

lioin'iR'i'soN, Lora Lee, and H. L. Blqai- 
( 11 ' 1ST, Tlu* developmont of tlie peristome 
in Aulaeomuiiim hei(o*ostUAiv'ni 569 
Ron paid verafjtiensis 471 
Uuhiis macropelahis 134 
liusts from America, and Afrka, 43; tropical 
467 

Aahaf IRUmeito 1 
Advcharomifees eercvlseae 460 
Sal hr e.riffiia 410; S(aohk‘riana 133 
Salvia alaniosana 556; amarlssima 561; 
amvllipsihia 565; ampUfroiis 564; arthro- 
eoina 563; betiilifolia 566; capUlosa 
560, 561; chakirothprsa 556; (innabarina 
559; cordafa 562 ; corriipata 557; cun- 
pi dal a 560; cpananlha 564; cyanicalyx 
564; debiUs 563; decora 563; Dombeyi 
567; erythvosiom,a 565; cxcclsa 568; ex- 
set la 559; falUix 563; fcstwae 560; 
fiUpes 562 ; /laccidt/Vdia 563 ; florida 568 ; 
(jraeilis 5(53 ; gravida 567 ; Haenkei 559 ; 
hirfella 558; Ilolwayi 567 ; meonspicua 
556; Jacobi 562; KarnmshU 567; Kil- 
lipiuna 563; languidula 564; latens 567; 
la nri folia 567; luvandidmdes 556; 
Lenittae 565; UgdophyU^^ -560; melis- 
sodora 5(50; men dn.r 557 ; mexlcana 566; 
M^ocinoi 560; wo raid ha 556; inuculi flora 
563; myriantha 564; ndidalhM)] occUlua 
560 ; opertiflora 5(i8; oppomti flora 559; 
Orbignaei 560 ; Pavonii 556 ; plneticola 
562; plalystowa 562 ; pleurispicata T>62; 
praeclara 558, 559; pseipiorosmatinus 
557; piirpurae 565; Hegla 566'; remissa 
563 ; fhodostephana 557 ; rhombifoUa 
557; fo.s'cfula 563 ; rypara ace ulus 

..sagittata 557; saptoea 560, 561; 
mmuPms 507; Sessi 566 , setosa 'WQ.- ;[ 
Shvtnnofii 562 ; siguatcpequensis 566, 567 ; 

564; striata 559; trlcli'Opes 
56 1; tricliostepliana 558; trifilis 560; 
Itihiflora 559; IJrica 661; Wagneriana 
567; xalapeusis 563 
Sambuctis calllcarpa 134 
Sahn'rja aculi folia 553; Panicera 553; 


rugosa 554 ; iaxifolia 553 ; tomentosa 
554 

S(diiedoph/ytim> fallax 122 ; mexicawiini 122 
Sciadotenia ama^xrniea 238 ; brachypoda 
239 ; caycanemsis 238 ; Duokei 238 ; FPch- 
Icriana 238 ; paracusis 238 ; rami flora 
238; Sagoliana 238; slniilis 239; soli- 
woesana 238 

Sclcrocactus parvijlonis 419 ; polyancistrns 
416 ; Whipplei 416 

Scutellaria Benthamiana 553 ; Eookeri 553 
Sedoideae, Mexican 473 
Sedwm Conmttii 475; dendxoidcim 473, 
476; minimmii 4i7S ; moranense 473, 476; 
napiferiini 473,' 476; olbcordatum 474, 
476; oxypetaliim 475, 476; praealtim 
473 

Seinpervimni arboreu-m 320 
Sepiochytrkcrn variabile 387 
Smith, A. 0., Studies of Paeidc' Island 
•plants 397 

Smtth', N. 0., and Wax. A. Albrecht, Cal- 
cium and pliospliorns as they influence 
manganese in forage crops 372 
Sordaria fimicola 460 

Spermolepsis inermis 124; pateiis 124; 

var. inermis 124 
Sphc7iospova Copaiferae 47 
Spiraea Douglasii 133 
Sporophlyetis rosata 95 
Staavia glutinosa 322 
St achy s aperta 552; boraginoides 552; 
bullata 553; eriantha 552; globosa 662; 
Lmdenii 552 ; Maoraei 553 ; truncata 552 
Stagonospo7'a Ciirtisii 463-466 
Stout, A. B., Tlie inflorescence in llemero- 
ealUs-^-l 305 

Structural features of the shoot apices of 
diploid and eolchieine-indiiced tetraploid 
strains of Vinca ros(Mi L. 618 
Structure and development of Ophioglos- 
suni palmatim l 

Studies, in the Grassulaceae — II. Mexican 
■ BedoidcRie co'lle(4ed by^ E. K. Balls;', in 
.1938'473, 

Studies in the Erica les: A discussion of 
the genus Befaria in .'.North America 
A review of the North American Gay lus- 
sacieae, with remarks on the origin and 
migration of the group 531 
Studies in the Family Woroninaceac — I. 
Discussion of a new species including a 
consideration of the genera Pscudolpid- 
imn aTid Olpidiopsis 49; II. The (Cytology 
of Olpidiopsis Achlyae sp. nov. (ad hit.) 
■75 
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Studies in tlie Geutinruieeae ; Gent kina, 
Section Pneurnonanthe, Subsection An- 
gmiifotAae 660 

Studies ill the g’eiius Fhysalacrki 265 
Studies of Pacilie Island |)lants- I 397 
Studies on Ainericnn Hepaticne — 1. Revi- 
sion of the genus Th/i/J^iMUintliUfi 32 ; ril. 
Vegetative reproduction in Jynj(>pieris 
f ruticulom 636 

Studies on the eniliryo of Hordeum na- 
tivum — I. The developnient of the em- 
bryo 585 

Slice, essful revival of Nostoc commune from 
a herbarium specimen 664 
Supplementary notes on Auierican Ijabi- 
atae— II 552 

Supplementary notes on Anierican Men! 
spermaceae 237 

deeipicnu 84 ; cndohiiditiim 
85, 95 ; fulgens 85, 95 ; Pneriae 85 

caulescens var. angusti- 
folius 70; var. procerus 70 

Taraxacum laevlgat urn, 35 1-858 
Tamchia t ioinis 122 ; driideopligloideu 
121 ; fudformu 123 ; glauca 121 ; geu- 
eedanoides 122; pmetorum 122; x}uJ)es- 
cem 121; scabridla 122; S'/nh/i7taeIM21 ; 
temiifoUa 122 
Taxodium disticJmm 341 
Telitoxicimi Jhiclcei 239; Krulcovii 239; 

inbruti/birnni 240 ; peruvianim 239 
Tetrathcca eiliata 322 
Tcuc/rimn hicolor 552 ; laevigatum 552 ; 
nudieaule 552 

Thompson, Ross C., and Thomas W. 
Whitaker, (lytological studies in Lac- 
turn 388 

ThrauHtotheca clavata 7 6 
Three new species of Me,xicaii irnilMOliferae 
254 

Thuja oeeidentalis 173, 174, :176, 177, 185, 
186, 188; plicada 135, 141 
TInmbergia Cy7UincIiif(dia 43 
Thymnanthiiu amasonicuu 33, 37, 38, 40; 
; comomifi 33, 39-42; dim>j)teTUS 39, 41; 
g Evansii, 33, 34, 37; mexkmms S2; ptero- 
m hry aides 33, 35-37 

[(Thysanolejeimea amazonwa 37; dissoptera 
■ 39, 40; pterohryoides 35 

Trachycarpus excelsa 347 
Tradescaniia hybrids, ehromosoma be- 
havior at meiosis in, 207; hracteata 209; 
canaliculaU 207-209, 2l3, 217, 219, 220; 
nmtiflora 208 ; paludosa 207-210, 213, 
217, 219, 220' 

Triehoeereus 'Spaehianus, 347 
Tropical Tust'S' 467 


Tsuga canadensis 173, 176-178, 185, 186, 
188; heterophylki 134, 137, 139, 140, 142, 
176, 1S8; Mertenslana 141 
Typha kiti folia 1 34 

UmbellifenuN TIhhm^ new siuH-ii'S of 254 ; 

New combinations and new luinu's in 121 
TTudcvScribed Lenophylht i>i from iVb'xico 496 
Uredo affmis 47; A spiliardali foliar 17, 
468; CJierimoliae 467; ciipiilafa 46#; 
Gladioli 292 ; Jlypoxidis 47 ; Manriar 471 ; 
Faspalicola 467 ; Koupidae 47 ! ; Sirvousi- 
aaia 467 

Urocystis ColcMci 289; Gladioli 289, 292, 
'294 

Uromyces ajjinis 46, 47; americanas 479; 
bermiidianiis 469, 470; (iarus 46; Oruck- 
shanksiae 469; ictericiis 45, 46; hrsiucs 
46; necopinus 46; perigynius 45 

raccmiuni 531, 533, 537, 538; Irmchycernm 
540; buxifolium 540, 541; corgnibosuni 
547; dumosum 540; f rondos um 540; hir 
tellii ni 540; oval urn i;i4 ; oxycoccus 134 ; 
vesinosum 540; (oineulastiui 540, 5'l 4 ; 
ursinum 540 

Validity of iMpiations for relative growth 
constants when applied to sigmoitl 
growth curves 295 

Variability in wood stnndure in roots of 
native Ontario conifers 173 
Velaea cordata 122 ; dlsserta 122 ; gltiHCU 
121; var. purpuruseens 121; peueedan- 
oidesV22; seahrdla 122 ; Sehaff'nrrl 122 ; 
serrata 123 ; iernala 122; (ubcrosa 123 
Verlienaceae, New species and varieties of 
498 

17cm /aha rtlh, 528 

Villadia Hatesn 475, 476; Goldmanii 475, 
476 

Vinca minor 621,4»24, 626, 628, 632 634; 

rosea, Btructurjd featurtss of the shoot 
a.jdces of dijiloid ancl <adclii(jliu! inrl*iee<| 
tetraploid stfains of 618 
Vitkiria line a I a 1 
Volvox aureus 449; gUAxiitof 440 

Washing Ionia filifera 347 

■ W-HiTAKER, Thomab W., and Robb ■ (1 

.Thompson,' OytologicaT studies in Iditr 
tuea 388 

'White, Stephen S., Am undo«,cribed Lena- 
phyllum from Mexico ■ 496 
WA)ronina pol$fC 4 XHiis B2 

■ Woronliiaeeae, '■ Studies' in, "—I, 49 j II '75 • ' 

Tpsilospora 4,6; Bapbiae: 46, 47 ' 

\Zca.muyB m9\.m ' 

■' Zma StrlcManii ' 121 . 



The firms listed in this section represent repu- 
table dealers in materials for the laboratory, 
library, greenhouse, field and garden. 

Before you make your purchases consult these 
firms. 

You are assured of courteous treatment and an 
ample discount. 
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PARAFFIN 
DESK OVEN 

NEW— Improved 
Protected Heater 

No.. 660,1, . 

No, 6601 ---*<> 'YEN, II wettn,«r ‘Fawiffliv, for ..embedding pwijos'es. ., 'This is. an 'efficient and '.’reliable 'paraffin, 
..oven incorporating many features. Recommended for itt<Jiy,idual or class use, .such as embeading, nlter- 
Ing' paraffin, spreading sections, 'and drying slides. . Many institutions have 'adapted 'this, 'oven. 

'gome' of Important ^ l. Constructed of 'non-rusting monel metal.— 2. TJses heating 

coil instead of lamps.*— 3, Has a thermostat for automatic temperature control.— 4. Pilot light illuminates 
the iniide of oven,— 5. Separate drying chamber accommodating 50 slides.— 6, Convenient size:— 16'' x 
Inside,-*— 7. Can bo used for Feulgen reaction. 
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STANDARD SCIENTIFIC SUPPLY CORP. 

34-38 West Fourth St., Wew Tork, N. Y. 



G. S, Torrey, Professor of Botany, Oonnectiout State* Oollegc, in .'i letter t(i 
Week stated: ... We have used them strictly for cutting se^ctions of 

mostly fungus material held in pith . . . my students ha,ve luid,^ better sue 
cess with this knife than any which I h;ivc previously einployerlP' 


WECK BANTAM 




■ KON-' 
COEROSIVE 
HANDLE 
INTERCHANGE 
REPLACEABLE 


WECK SECTIONING RAZOR T ^ 
KNIFE 45 cents Each 

The experience of Prof. Torrey has been confirmed by \ 
many other instructors in the same field; yet Week offers % 
to send one of these Razor knives on FREE TRIAL that ^ 
you may prove it for yourself without risk. Use the Week 
Razor for a month; if you don’t agree, return it, and charge 
will be cancelled. Interchangeable, replaceable blades cost but 
each. 

EDWARD WECK & CO., Inc., 

135 Johnson St., Brooklyn, N. Y. 


Free Trial 


PURE PHYTOHORMONES OR 
GROWTH SUBSTANCES 

Write to us for prices 

Indol Acetic Acid 
Indol Butyric Acid 
Methyl Indol Butyrate 
Methyl Naphthalene Acetate 
Naphthalene Acetamide 
Naphthalene Acetic Acid 
Naphthalene Acetonitrile 
Potassium Naphthalene Acetate 
These are pure crystals, tested for physiologie activity 

AMERICAN CHEMICAL PAINT CO. 

Manufacturers of EOOTONE, TRANrSl>I,AlSrT01IB and ratTITOlTE 
AMBLER, FA. 

Horticultural Division 300 





SOME FACTS 
. . . ABOUT 

AMERICAN MADE COVER GLASSES 


DEVBLOPMEFT . . . 

For many years, GOLD SEAL Cover 
Glasses have been cut, gauged and pack- 
aged in our New York City workshop, 
but manufactured from imported glass, 
as it was not available domestically. 
However, in view of foreign develop- 
ments, we undertook to establish a do- 
mestic source of supply several years 
ago. The possible sources of supply 
vrere limited, due to the fact that the 
glass from which microscope cover 
glasses are cut is handblown; the un- 
usual thinness of glass required; and 
the non-corrosive type from which it 
has to be blown, ' 

We are now happy to announce that 
after considerable investment and sev- 
eral years of research work, we have * 
available, glass embodying the chemical 
and physical properties of the type 
formerly, imported. 

FEOPE'RTIES 

American made GOLD SEAL Cover 
Glasses, as heretofore, are NON-COE- 


EOSIVE and NON-FOGGING, and by 
careful laboratory testing are main- 
tained at the same high quality. Phys- 
ically, the glass is practically free from 
all defects, including stria, bubbles, and 
curvature. 

PRICES ABE REASONABLE ... 

Naturally, American made GOLD SEAL 
Cover Glasses are considerably more 
e3cpensive to manufacture, but the prices 
have been kept low. They are less 
profitable to market than the cover 
glasses made of imported glass. How- 
ever, we are justly proud that the de- 
velopment of American made GOLD 
SEAL Cover Glasses is an accomplished 
■fact... 

■■■■, : m m ^ 

If you have am recent catalog No* lOZ' 
^^LABORATQRY JNSrRUMMNTS' 
AND SUPPLIES/^ refer to page 22 for 
prices* Jf you have not received a copy 
of this catalog, please write for one on 
your department letterhead to: 
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TORREY BOTANICAL CLUB 

OFFERS TO BOTANICAL LIBRARIES AND OTHERS wishing 

to keep in touch with the rapidly 5 »Towin^’ Ameri<^an botauical 
literature 

A CARD INDEX 

of all botanical publications of the New World .from 1893 to. 1940. 
Each title is printed on a separate card in two sizes, 2*' x 5'^ and 
3''^ X S'', in library style, and is available at 3 cents each. 

The cards are sold in sets covering any year in this period. Sub- 
scriptions for 1941 are open. The a|)p^uxiuiate iiiunber of cards.' 
for 1941 will be 2000. 

Address all inquiries to 


Dr. W. GORDON WHALEY 

Barnard OoHege, ''ColumMa. University, 'Hew York City. 








MEMOIRS OF THE 
TORREY BOTANICAL CLUB 

A SERIES of teclinieal papers on subjects of fundamental importance, and of 
great(‘r leiig’th than (;an. generally be aceommodated by botanical journals. 

IbiE EIR.ST Memoir was published on the 25th of May, 1889. Since then 
tliey have contiiunHi to appear at irregular intervals. Biiring this time 46 
M(‘inoirs have been published. Among them are included some of the most 
mitstiinding original contributions to tlie development of botiinical science. 

Examples op Recent Memoirs op 
THE Torrey Botanical Club 

Tryman George Ynncker. The Genus Cuscuta. Pages 109-330, figures 
1-m. Vol. 18, No. 2. 1932. Price $4.00. 

John S. Karling. The Cytology of the Chytridiales with special refer- 
ence to Cladochytrium replicatum. Pages 1-92, plates 1~€, Vol. 19, No. 1. 
1937. Price $1.50. 

iRobert T. Clausen. A Monograph of the Ophioglossaceae. Pages 1—177, 
figures 1-33. Vol. 19, No. 2. 1938. Price $2.00. 

G. Ledyard Stebbins, Jr. Studies in the Cichorieae: Diibyaea and So- 
roseria, Endemics of the Sino-himalayan Region. Pages 1-76, figures 1-17. 
Vol. 19, No. 3. 1940. Price $1.25 and postage. 

For eurther information about the Memoirs op the Torrey Botanical 
Club, including a list of all those published with the prices of those still avail- 
able, address 

Dr, W. GORDON WHALEY 

Barnard College, Columbia University, New York City, 


Your interest in the botanical sciences is your 

INVITATION TO JOIN 
THE TORREY BOTANICAL CLUB 

(The oldest hotameal Society in America^ International in scope j 
Affiliated with the N. Y. Academy of Sciences and A.A.A.S.) 

Anmial Membership dues $5,* entitles you to 3 publications of the 
Club: ■ 

The Rw/ieWn in its 68th voliime, 9 nuinbers a year, 
in its 41st volume, 6 numbers a year, 
published at irregular iiitervaJs, now in its 19tli 
volume. ■■ 

■■■ S(4iedules of y?dW and notices of all locedBcimm meetings. 
Associate Membership $2.-: 

'' ■ Schedules of field trips. '■ ...Notices of loGBl:sA^me''meetihgs.\:: 
Sustaining, Membership $15.^ Life Membership $100.* 

All privileges and publications. 

Mention this notice when you send your name and address to : 

Dr. W. Gordon Whaley 
B arnard College, Columbia XTniversity, New York City 

^ 00% of this amount covers a subscription to the Bulletin and 10% covers a 
subscription to Torreya. 


Instructions for Contributors 

Manuscript sliould be typed doiible-spaeed on one side ol staiida.rd 
paper. If a line of 60 cdiaraeters is used and 26 lines to llie |>age, the 
nuiiiber of printed pag*es (exclusive of illustrations and biblio?^‘i‘aph>') 
will be about half tlie number of typed |)ages (twodittlis il tiiey catn- 
tain mostly formal taxonomie descriptions). The ediloi* may a<*cep1 
papers up to 20 printed pages in length. Illnstrations (ind nding tables 
and graphs) should not exceed 20 per cent of tiie text; the aiitliors oi 
more copiously illustrated articles may be asked to pay for tlie exrvsH. 

Drawings and photographs should be mounted on stift (*<ird board 
and the desired reduction plainly indicated. Figures shoidd be so 
planned that after reduction they will occupy the entire widtli of a 
page (4| inches) and any portion of the height (7i iiudies). Lahcds 
should be parallel to the shorter dimension of th(^ i)age. It is l)est to 
combine illustrations into the smallest possible ruimber of gi’onps. Tlie 
editor cannot accept loose figures or figures so mounted as to leave 
large unused spaces on the printed page. Tlie thickiH\ss of lines and 
dots must be planned with the desired reduction in. mind; it is still 
more important to calculate the requisite spaces between lines and dots. 
One should distrust the common belief that sufficient reduet ion wil l 
conceal defects of draughtsmanship. 

Figures should be numbered consecutively. Plates ure not inserted 
unless special methods necessitate them. Legends for figures sliould be 
typewritten and included with the manuscript (not affixed to the fig* 
ures). All legends for one group of figures should form a singh‘ para* 
graph. If magnifications are stated, they should apply to tlu* raaluced 
figures. 

In style recent usage of the Bulletin should be followinl as far as 
possible. This applies to punctuation, capitalization, us(* of ilalito d(*s 
ignation of new species and eombioations, citation of sfxaumcms and 
synonyms, and reference to literature and illustrations. ll(6Vnmco tn 
literature may be by number or by date; or footnolc^s may In* ust^K 
Time and errors will' be saved' if the usage a;m:l abbrindatlous of Hu* 
Index to American Botanical Literature are adopted. Tlu^ of the 
paper should be as short as is consistent 'with (ilarity. Primary divisions 
may be indicated by centered headings, subdivisions by italicizisl caf) 
tioiis at:, the margin. Except brief notes, every paper should i^om-lnde 
with a summary, preferably of numbered paragraphs. The institutional 
or other address of the author should appear beneath the summary. 

Contributors may order reprints of their articles whcii Uwy return 
galley -proof to the editor. A schedule of charges Is sent witii ific proof, 
and will be supplied to prospective contributors on rcquc‘st. 



Indian Agricultural Research Institute (Pusa) 

UBRARY, NEW DELHI-IIOGI^ 
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